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Fogle, Jeffrey D. M.S., Department of Chemistry, Wright State University, 2011. 
Synthesis of Fluorinated Indenofluorenediones and Bis(2-fluorophenyl) Substituted PPV. 
 
 
    The compound 2,5-di(ethoxycarbonyl)-3,4-di(2-fluorophenyl)cyclopentadienone 
was successfully synthesized and led to the synthesis of terephthalates, 
di(hydroxymethyl)s, di(chloromethyl)s, diacids, diacid chlorides and indenofluorene-
diones having the pendent groups null, hexyl and 2-(4-benzothiazolyl)phenyl.  All 







NMR, GC/MS and combustion analysis.  Most of the forementioned compounds 
showed an indication of restricted rotation with the appearance of trans and cis 
diastereomers.  The asymmetric compounds showed the occurrence of four isomers.  


















C NMR and 
19
F NMR spectra.  Polymerization of poly(2,3-bis(2-
fluorophenyl)-5-hexyl-p-phenylene vinylene (BFP6-PPV) and poly(2,3-bis(2-
fluorophenyl)-p-phenylene vinylene (BFP-PPV) were successful and the polymers 
were characterized by TGA, DSC and GPC.  From GPC data, the addition of 4-tert-
butylbenzyl chloride in the polymerization of BFP6-PPV appears to be ineffective in 
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Indenofluorenes, such as 5,8-dioxo-5,8-dihydroindeno[2,1-c]fluorene 1, were first 
synthesized by Altman et. al.
1
 in 1961 and later reported in 1966 by Chardonnens et. al.
2  





 using the precursor 2,5-dicarboethoxy-3,4-diphenylcyclopentadienone 3, 




         1               2              3 
 Indenofluorenes are known to have good fluorescence properties which make 
them good candidates for organic light emitting diodes (OLED).
5
  Another possible 
application is their use for hydrogen storage via physisorption.
6
  Studies have been 
carried out to measure the hydrogen storage capabilities of the diketone 1 and related 
compounds which suggest a relationship between the planarity of aromatic molecules and 
the number of hydrogen molecules that can be stored.
6
 
 The purpose of this research was to investigate 1) the addition of a bulky group, 
such as fluorine, in the ortho-position of the phenyl rings in 3, 2) observe the effect of 
this addition on the physical and spectroscopic properties of the terephthalates 2 leading 
to the indenofluorenedione 1 and poly(pheneylene vinylene) (PPV). 
 2 
HISTORICAL 
Indenofluorenes and Indenofluorenediones 
 In 1952, the synthesis of 5,8-dihydroindeno[2,1-c]fluorene 10 was first attempted 
via a six-step pathway by Deuschel
7 
but proved to be unsuccessful.  Bromination of 
indene 4 with potassium hypobromous acid and bromine produced 1,1,3-tribromo-1H-
indene 5.  Debromination of the vicinal dibromides of 5 with sodium iodide and acetone 
resulted in (1Z)-3-bromo-1-(3-bromo-1H-inden-1-ylidene)-1H-indene 6.  Elimination of 
bromine from 6 with zinc in ethanol provided 3,3‟-biindenyl 7. 
 
 4   5    6   7 
 Maleic anhydride was used in a Diels-Alder reaction to convert the diene 7 to 
5,5a,6,7,7a,8-hexahydroindeno[2,1-c]fluorene-6,7-dicarboxylic anhydride 8. 
 
           7                 8 
 The attempted aromatization of the anhydride 8 using sulfur, selenium dioxide, 
potassium ferricyanide or palladium on carbon failed to produce 5,8-dihydroindeno[2,1-
c]fluorene-6,7-dicarboxylic anhydride 9 for reasons not specified.  Data suggested that 




Therefore, 5,8-dihydroindeno[2,1-c]fluorene-6,7-dicarboxylic anhydride 9 was not 
obtained and ultimately the synthesis of 5,8-dihydroindeno[2,1-c]fluorene 10 was not 
achieved. 
 
        8                   9              10 
The first successful synthesis of 5,8-dihydroindeno[2,1-c]fluorene 10 and the first 
mention of 5,8-dioxo-5,8-dihydroindeno[2,1-c]fluorene 1 was reported by Altman and 
Ginsburg in 1961.
1
  A pinacol coupling reaction was used to convert indanone 11 into 
1,1‟-biindanyl-1,1‟-diol 12 using excess aluminum.  The diene, 3,3‟-biindenyl 7 was 
produced via dehydration of the diol 12 using a mixture of acetic acid and acetic 
anhydride. 
 
                      11                                              12                                              7 
The Diels-Alder reaction of the diene 7 with maleic anhydride in xylenes 
produced 5,5a,6,7,7a,8-hexahydroindeno[2,1-c]fluorene-6,7-dicarboxylic anhydride 8.  
Using barium hydroxide, soda-glass and copper powder in an inert atmosphere, the 




               7                                                     8                                                      10 
Oxidation of 10 using sodium dichromate in acetic acid produced 5,8-dioxo-5,8-
dihydroindeno[2,1-c]fluorene 1.  
 
             10    1 
An alternative, multi-step synthesis of 5,8-dihydroindeno[2,1-c]fluorene 10 was 
reported by Chardonnens and Chardonnens in 1966.
2
  A pinacol coupling reaction was 
employed with propiophenone 13 using aluminum amalgam to yield 3,4-diphenyl-3,4-
hexanediol 14 followed by dehydration with acetic acid to produce 3,4-diphenyl-2,4-
hexadiene 15 in an overall 30% yield for the two steps. 
 
                     13                         14           15 
The Diels-Alder reaction of diene 15 with maleic anhydride in benzene produced 
3,6-dimethyl-4,5-diphenyl-4-cyclohexene-1,2-dicarboxylic anhydride 16.  The 
 5 
aromatization of anhydride 16 with sulfur produced 3,6-dimethyl-4,5-diphenylphthalic 
anhydride 17 with the release of H2S.  
 
 15     16           17 
Hydrolysis of anhydride 17 with an aqueous sodium hydroxide solution followed 
by acidification with hydrochloric acid produced 3,6-dimethyl-4,5-diphenylphthalic acid 
18 in high yield. 
 
   17             18 
 Decarboxylation of 18 with copper chromite in quinoline produced 2,3-diphenyl-
1,4-xylene 19.  The methyl groups in 19 were oxidized with potassium permanganate to 
yield 2,3-diphenyl-1,4-benzenedicarboxylic acid 20. 
 
         18            19                       20 
 The diacid 20 was reacted with sulfuric acid in an intramolecular Friedel-Crafts 
acylation to afford 5,8-dioxo-5,8-dihydroindeno[2,1-c]fluorene 1 in quantitative yield.  
 6 
The ketone functions of 1 were reduced to methylenes via a Wolf-Kishner reaction with 
hydrazine and potassium hydroxide in diethylene glycol to yield 5,8-dihydroindeno[2,1-
c]fluorene 10. 
 
     20           1               10 
 There are no further literature reports of 1 or 10  until 1998.  At that time, a new 
synthetic pathway to 5,8-dioxo-5,8-dihydroindeno[2,1-c]fluorene 1 and its associated 
ring system 10 was discovered serendipitously by Lorge
3 
and reinforced by Underwood.
4
  
The goal was to produce the polyarylene monomer 2,3-diphenyl-1,4-bis(4-
fluorobenzoyl)benzene 22 via an intermolecular Friedel-Crafts reaction of 2,3-
diphenylterephthaloyl dichloride 21 with aluminum chloride and fluorobenzene.  Instead 
an intramolecular Friedel-Crafts acylation provided 5,8-dioxo-5,8-dihydroindeno[2,1-
c]fluorene 1 in quantitative yield. 
 
 
           1                 21                    22 
 7 
 The start of this pathway began with the precursor 2,5-dicarboethoxy-3,4-
diphenylcyclopentadienone 26 (Orange) which was synthesized via a two-step pathway 
originating from the work of Reinhardt.
8
  The condensation reaction of benzil 23 with 
diethyl 1,3-acetonedicarboxylate 24 in a sodium ethoxide solution produced an 
intermediate yellow salt 25 which was then acidified and dehydrated with sulfuric acid 
and acetic anhydride to yield the orange 2,5-dicarboethoxy-3,4-
diphenylcyclopentadienone 3 in an overall yield of 95%.
3 
 
           23              24                       25             3 
 The cyclopentadienone 3 underwent a Diels-Alder in toluene with norbornadiene 
26 to produce 2,3-diphenyl-1,4-benzenedicarboxylate 2.  The diester 2 was hydrolyzed 
using potassium hydroxide in ethylene glycol to obtain the diacid, 2,3-diphenyl-1,4-
benzenedicarboylic acid 20. 
 
                 3      26                         2               20 
The diacid 20 was converted to 2,3-diphenylterephthaloyl dichloride 21 with 
thionyl chloride followed by the intramolecular Friedel-Crafts acylation to give the 
diketone 1.  Fluorobenzene served as an expensive solvent. 
 8 
 
              20              21         1 
Further work was done to discover a simpler pathway to the diketone 1.  The 
intramolecular Friedel-Crafts acylation of the 2,3-diphenyl-1,4-benzenedicarboylic acid 
20 with sulfuric acid provides 5,8-dioxo-5,8-dihydroindeno[2,1-c]fluorene 1 in 
quantitative yield. 
 
        20              1 
Other derivatives were synthesized by Lorge with various aliphatic substituents 




               3                 27a-c                         28a-c 
 
 9 
orange 3 with 1-octyne 27a, 6-dodecyne 27b and 4-octyne 27c.
3
  The diesters 28a-c were 
directly converted with sulfuric acid to yield the diketone derivatives 29a-c. 
 
             28a-c            29a-c 
 Underwood
4 
went a step further and converted 5,8-dioxo-5,8-dihydro-6-
hexylindeno[2,1-c]fluorene 29a and 5,8-dioxo-5,8-dihydroindeno[2,1-c]fluorene 1 to 5,5-
dihydro-6-hexylindeno[2,1-c]fluorene 30 and 5,8-dihydroindeno[2,1-c]fluorene 10, 
repectively.
  
This conversion was accomplished by using palladium on carbon catalyzed 
hydrogenation to reduce the carbonyls in 29a  and 1 to methylene units in 30 and 10. 
 
        29a               30           1                 10 
 Hydrogen storage measurements of hexyldiketone 29a and diketone 1 were 
conducted at Argonne National Laboratory and reported by Feld et. al.
6
 and in the M.S. 
Thesis work of Underwood.
4
  When comparing the diketone 1 with the hexyl diketone 
29a, the number of hydrogen molecules experimentally observed interacting with the 
absorbent is five for the diketone 1 versus seven with the hexyldiketone 29a.
6  
This is in 





Restricted Rotation Caused by ortho-Substituted Diphenyl Systems 
 In general, biphenyl 31 exhibits free rotation about the sigma bond joining the two 
benzene rings.  Once a bulky substituent is added to the 2 and 2‟ positions, free rotation is 
restricted as shown in 2,2‟-difluorobiphenyl 32 which is said to be conformationally 
locked. 
 
     31                        32 
 This restriction of rotation results in two phenyl rings that are not in the same 
plane due to the steric hindrance of the fluorines.  Since the biphenyl cannot achieve 
coplanarity, it exists in enantiomeric forms.  A crystal structure of 2,2‟-difluorobiphenyl 
32 has been determined showing the two phenyl rings perpendicular to each other.
9
  
Interestingly, the structure also shows that the two fluorines are in a syn-position rather 
than an anti-position
9 
to each other.  A molecular model generated using Spartan is 
shown in Figure 1. 
 
 
Figure 1.  Illustrated molecular model of the crystal structure 
of 2,2‟-difluorobiphenyl 32 using Spartan. 
 
 11 
 Rotational barriers have also been observed in 1,8-di-o-tolynaphthalene 33, where 
two sharp singlets in the 
1
H NMR spectra were observed at 1.83 δ and 1.86 δ 
corresponding to the two methyl groups.
10
  This observation suggested that cis 33b and 
trans 33a isomers exist.  The two isomers were separated by column chromatography on 
alumina on which the cis-isomer 33b eluted last.
10 
  The isomers exhibit stability in the 
solid state but in solution have an interconversion half-life of about twenty-four hours. 
 
  33a                                33b 
The 
1
H NMR spectra of each isomer indicated that the cis-isomer 33b correlated 
with the more downfield methyl signal.
10 
 This assignment was based on the spectral 
patterns observed for the phenyl ring protons which were unique for each isomer.
10
  For 
the cis-isomer 33b, a sharp singlet was observed for the phenyl ring protons while a 
multiplet was observed for the trans-isomer 33a.
10
  The singlet for 33b is observed 
because the meta protons experience equal ring current effects from the meta protons 
positioned over the plane of the adjacent phenyl ring 50% of the time (in) and outside the 




Figure 2.  Edge view of the cis-isomer 33b. 
 12 
 The ring-flip forms of the trans-isomer 33a are of unequal energy and therefore 
the meta protons will spend different fractions of time over the plane of the adjacent 
phenyl rings as shown in Figure 3.
10
  This results in different ring current shifts and 





Figure 3.  Edge view of the trans-isomer 33a. 
 Terphenyl systems exhibit rotational barriers as well, as shown in compounds 34a 
and 34b. 
 
           34a            34b 
 The 
1
H NMR spectra of 34 at -40⁰C consisted of two peaks at 2.0 δ and 2.1 δ 
corresponding to each of the methyl substitutents which collapsed to a single peak at 9⁰C 
indicating that the cis and trans isomers are interconvertable.
11 
 The trans-isomer 34a and 
cis-isomer 34b could be assigned to the corresponding peaks (2.0 δ and 2.1 δ) in the 
1
H 
NMR.  As earlier reported for the cis 33b and trans 33a isomers of 1,8-di-o-
tolynaphthalene, the trans-isomer had its methyl protons more shielded, therefore the cis-
isomer was assigned to the peak further downfield which was based on the pattern 
observed for the phenyl rings of each isolated isomer.
11
   
 13 
 Haywood-Farmer and Battiste investigated rotational barriers in non-benzeoid 
compounds such as 2,5-diphenyl-3,4-di(o-tolyl)cyclopentadienone 35.  They also 
investigated rotational barriers in benzenoid compounds such as 2,2”-dimethyl-3‟,6‟-
diphenyl-o-terphenyl 36, a derivative of 35.
12
   
 
        35                    36 
 Compounds 35 and 36 both exhibited two distinct methyl peaks in their H
1
 NMR 
spectra indicating that isomers were present at room temperature for each compound.  
The peaks occurred at 2.04 δ and 1.9 δ for 35 and 1.89 δ and 1.78 δ for 36 and integrated 
to a total of six protons in both cases.
12
  The spectrum of 35 was found to be temperature 
dependent in that there was no change in the spectrum below 112⁰C but the peaks 
gradually broadened and moved closer together above this temperature.
12
  At 137⁰C, one 
peak appeared.
12
  The original spectrum was obtained on cooling to room temperature.  
Compound 36 showed no change in the H
1
 NMR spectrum up to 200⁰C, the limit of the 
variable temperature probe.
12 
 From the variable temperature NMR for each compound, 
Gibbs Free Energy (∆G) values for the rotational interconversion were calculated.  The 
∆G value (>25.6 kcal/mol) for 36 was found to be greater than the ∆G value (0.4 
kcal/mol) for 35.
12
  This difference in energies may be due to the greater angle between 
the 2-methylphenyl bond to the cyclopentadienone of 35 compared to the angle between 
the 2-methylphenyl bond and the central benzene ring of 36.  This greater angle would 
allow the 2-methylphenyl to be less restricted for 35 compared to 36.  The steric 
 14 
hindrance between the two methyl groups in the 2 and 2‟-positions can result in a non-
coplanar arrangement pushing the two phenyls out of the plane to form the most stable 
conformation in both compounds 35 and 36 as seen in Figure 4 where molecular 
modeling was obtained from Spartan. 
 
Figure 4.  Molecular modeling from Spartan of 2,2”-dimethyl-3‟,6‟-diphenyl-o-
terphenyl 36 and 2,5-diphenyl-3,4-di(o-tolyl)cyclopentadienone 35. 
 













 In the compound 1,8-bis(2-fluorophenyl)naphthalene 37, the occurrence of syn 







F NMR spectra at room temperature.
13
   
 
 
    37a                    37b 




F NMR spectrum, two 
19
F signals appeared at 
δ -112.2 and δ -113.8 with an integration ratio of 76.6:23.4 (anti:syn).
13
  The anti:syn 
ratio assignment was based on the 
13




F NMR spectrum.  
 15 
The major rotamer exhibited a doublet with J(F,C) = 243.0 Hz which was not split 
further.
13




F coupling constant of 
11.66 ± 0.04 Hz.
13
  A through-space coupling constant J(F,F) can exist only in the syn-
rotamer 37a.
 13




F coupling observation using 
equation (1), where dFF is the non-bonded distance (pm) between the fluorine nuclei.
13
   
1s
J(F,F) = 275000 exp(-0.03211dFF)     (1)  
With an estimated F-F distance of 306.2 pm, the predicted J(F,F) values is 14.8 Hz 
compared to the observed value of 11.66 Hz.
 13
  Therefore, syn 37a was concluded to be 
the minor rotamer and the anti 37b to be the major rotamer.
13 
  
Because of the 
19







  In the 
13
C NMR spectrum, the C-3‟position (ortho to 
C-F) of the anti-rotamer 37b appears as a doublet with 
2
J(F,C) = 22.0 Hz  corresponding 
to a C-F coupling on the same phenyl ring.
 13
  In the case of the syn-rotamer 37a, a six-




J(F‟,C) = 22.6 Hz could be read off.
13
  This six line pattern was observed 
because C-3‟ is coupled to the fluorine at the C-2‟ position on the same phenyl ring and 
also coupled to the fluorine at the C-2” on the adjacent phenyl ring by through-space 
coupling. 
Fluorine through-space coupling in 2-(2,4-difluorophenyl)-4,5,6,7-tetrahydro-3-
methyl-2H-indazole 40 was investigated by Lyga et. al.
14
 for some novel inhibitors of 
protoporphyrinogen oxidase (PPO).  Nucleophilic attack by the terminal hydrazine 
nitrogen of 2,4-difluorophenylhydrazine 38 at the cyclohexanone carbonyl of 2-
acetylcyclohexanone 39 yields 40.   
 16 
 
           38                        39                40 
The 
1
H NMR spectrum of 40 revealed a doublet corresponding to the methyl 
group of 40  (2.1 δ, JH,F = 1.8 Hz) caused by a through-space coupling of the methyl 
group to the ortho-fluorine on the phenyl ring.
14
  This through-space coupling was also 
observed in the 
13
C NMR spectrum as a doublet at 9.4 ppm (JC,F = 3.8 Hz).  
Heteronuclear NOE experiments and proton-coupled 
19
F NMR spectra were used to 
support the proposed through-space coupling.
14
  In the 
1
H NOE experiments, irradiation 
of the methyl protons led to a 4.7% NOE enhancement of the fluorine signal occurring at 
-117 ppm.  The 
19





  The coupling constant in the 
19
F NMR spectrum was 
found to be 
6





 This observation suggested the existence of a through-space H-








F spin-spin coupling have been 
observed for 1,12-difluorobenzo[c]phenanthrene 41 which is of particular interest in this 
thesis because of the proximity of the fluorines. 
 
                           41 
 17 
 This through-space coupling has been theorized to occur from overlap interaction 
between 2p lone-pair orbitals on the two fluorines.
15
  The extent of the through-space 
coupling is based on two factors, 1) non-bonded distance (dFF) and 2) the angular 
orientation of the overlapping lone pairs.
 15
  Compound 41 has a F-F coupling of 45 Hz 
with a corresponding dFF distance of 2.534 Å and 109.2⁰ torsion angle.
16, 17
  Various R 
groups (R = CH3, CH3O, Br, CN) were substituted on 41 and it was concluded that the 
electronic substituent effects had no effect on the through-space F-F coupling.
17
   
 
     42            41a             43             44 
 
For compounds 42, 41a, 43 and 44, the measured J(F,F) coupling constants are 
174 Hz, 43.2 Hz, 5.3 Hz and 174 Hz respectively.
18
  The decrease in J(F,F) is associated 
with the out-of-plane distortions in these helical molecules to give rise to increasing dFF 
distances.
18
  Once the molecule is forced to be planar, such as in 44, the dFF decreases 
dramatically to give rise to a J(F,F) coupling constant of 174 Hz.
18
 
Poly(2,3-Diphenyl-5-hexyl-p-phenylene Vinylene) (DP6-PPV) 
Poly(p-phenylene vinylene) (PPV) is the original conjugated polymer reported for 
the application in light-emitting diodes (LEDs).
19
  PPV has great electroluminescent (EL) 
properties but is limited for processing due to the lack of solubility.  The addition of two 
phenyl rings in poly(2,3-diphneyl-p-phenylene vinylene) (DP-PPV) and the addition of 
 18 
alkyl side chains such as hexyl in poly(2,3-diphenyl-5-hexyl-p-phenylene vinylene) 
(DP6-PPV), improves the solubility and processing capabilities.
19
 
      
     PPV         DP-PPV                   DP6-PPV 
The synthetic pathway to DP6-PPV was established by Schaaf in 1998.
20
  As 
stated earlier, the cyclopentadienone 3 undergoes a Diels-Alder with 1-octyne 27a to 
obtain diethyl 5-hexyl-2,3-diphenylterphthalate 28a in 97% yield.  The terephthalate 28a 
was reduced with LiAlH4 to yield 5-hexyl-1,4-bis(hydroxymethyl)-2,3-diphenylbenzene 
45.  The reaction of the diol 45 with thionyl chloride produced 5-hexyl-1,4-
bis(chloromethyl)-2,3-diphenylbenzene 46 in 68% yield. 
 
       3                       27a          28a 
 
          45      46 
The polymerization to yield PPVs employs a typical Gilch route that involves the 
use of excess base (t-BuOK) to give the polymer.  To prevent gelation and precipitation, 
 19 
a modified Gilch polymerization route is used in which 4-tert-butylbenzyl chloride 47 is 




    46                           47                     DP6-PPV 
As the molar ratio of capping agent to monomer (47:46) increased, the molecular 
weight (Mw) decreased from 1,060,000 Da to 350,000 Da indicating an ability to control 
molecular weight of DP6-PPV.
19 The photoluminescence (PL) spectrum of DP6-PPV 
indicated a very high photoluminescence (PL) quantum efficiency of 65% which was 
attributed to the steric effect of the two phenyl rings and hexyl group.
19  The UV-vis 
spectrum of DP6-PPVas a thin-film showed a bluish-green emission at 490 nm.
19   
A carbanion based polymerization mechanism is shown in Scheme 1.  The 
mechanism first involves the deprotonation of a chloromethyl proton with t-BuOK to 
give an anionic intermediate.
19,21 
  The anionic intermediate has two viable pathways, 1) it 
can undergo a 1,6-dehydrochlorination to give a p-quinodimethane derivative or 2) it can 
react with another bischloromethyl monomer to undergo a condensation-like 
polymerization.
 
  The p-quinodimethane derivative can react with an anionic intermediate 
in an addition-like polymerization. Further reactions of either growing polymer chain 
result in monomer addition or termination/capping reactions.  Excess base promotes 
elimination of hydrogen chloride to form poly(phenylene vinylene).  A by-product, 4,4‟-
di-tert-butylstilbene is also formed.
19
  The observed speed of the polymerization tends to 
favor the addition-like pathway.  
 20 
 
Scheme 1.  General anionic polymerization mechanism for PPV. 







Recent DP-PPV Derivatives. 
Long Branched Alkoxy and Fluorenyl Substituted DP-PPV. 
 DP-PPV derivatives with long, alkyl pendent groups are thought to have reduced 
electroluminescence (EL) efficiency caused by close-chain packing of the backbone 
which allows strong π-π interactions.
22
   Bulky substituents are prone to inhibit the 
hopping process of carriers between adjacent polymers.
22
  To improve luminescent 
properties, Hsieh and coworkers incorporated groups on the pendent phenyl rings.
22
  
Long branched alkoxy groups were incorporated to improve solubility and a fluorene was 
introduced to increase steric hindrance which would prevent close-chain packing.
22
 
 The incorporation of the long, branched, alkoxy chain on the pendent phenyl ring 
involved a seven step pathway to yield 1,4-bis(bromomethyl)-2-[4‟-3,7-
dimethyloctoxy)phenyl]-3-phenylbenzene 56.  The pathway begins with the Sonogashira 
coupling of phenylacetylene 48 with 4-iodoanisole 49 to yield 50 in 85% yield. 
 
    48                49            50 
 Oxidation of the alkyne in 50 using KMnO4 produced 4-methoxybenzil 51 which 
then underwent a condensation reaction with diethyl 1,3-acetonedicarboxylate 24 to yield 
2,5-dicarbethoxy-3-(4‟-methoxyphenyl)-4-phenylcyclopentadienone 52. 
 
          50               51 
 22 
 
           51      24       52 
 The cyclopentadienone 52 was reacted with norbornadiene 26 via a Diels-Alder to 
yield diethyl-2-(4‟-methoxyphenyl)-3-phenylterephthalate 53.  The terephthalate 53 was 
then reduced with LiAlH4 to yield 1,4-bis(hydroxymethyl)-2-(4‟-methoxyphenyl)-3-
phenylbenzene 54 in 98% yield. 
 
             52                   53                   54 
 The diol 54 undergoes bromination and demethylation with boron tribromide to 
yield 1,4-bis(bromomethyl)-2-(4-hydroxyphenyl)-3-phenylbenzene 55.  This is followed 
by a Mitsunobu etherification of 55 with 3,7-dimethyloctanol using diethyl 
azodicarboxylate (DIAD) as an oxidizer to yield the monomer 56. 
 
       54         55 
     26 
 23 
 
    55        56 
 The second monomer, 1,4-bis(chloromethyl)-2-phenyl-3-(9,9-dihexylfluoren-2-
yl)benzene 63, was synthesized by a six step reaction pathway beginning with a 
Sonogashira coupling of phenylacetylene 48 with 2-bromo-9,9-dihexylfluorene 57 to 
yield 9,9-dihexyl-2-(2‟-phenyl-1-ethynyl)fluorene 58.  Oxidation of 58 produced 1-(9,9-
dihexyl-2-fluorenyl)-2-phenyl-1,2-ethanedione 59 in 93% yield. 
 
    48                     57         58 
 
           59 
Traditional reactions are used for the next four steps with the condensation 
reaction of 59 to produce the cyclopentadienone 60 followed by the Diels-Alder reaction 
with norbornadiene 26 to yield the terephthalate 61.  The next two steps involved the 
reduction of 61 with LiAlH4 to produce 62 followed by the reaction with thionyl chloride 
 24 
to yield the monomer 1,4-bis(chloromethyl)-2-phenyl-3-(9,9-dihexylfluoren-2-yl)benzene 
63. 
 
          59             24            60 
 
                   61              62 
 
          63 
 The polymerization of the monomer 56 to yield polymer P1-P7 employed a Gilch 
route using excess base (t-BuOK).  Due to the bulky pendent groups which should 
prevent gelation and improve solubility during polymerization, the synthesis of the 
polymers did not use an end-capping agent.
 22
   The monomers 63 and 56 were also 
copolymerized with 2,5-dimethoxy- 64 or 2-methoxy-5-(2‟-ethylhexoxy)-1,4-
bis(bromomethyl)benzene 65. 
    26 
 25 
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 High molecular weights (Mw) were obtained for polymers P1-P7 with narrow 
molecular weight distributions.
22
  Thermally stable polymers were synthesized with glass 
temperatures (Tg) over 140⁰C and high decomposition temperatures (Td) over 400⁰.
22
  
Thin films of the polymers were cast which had maximum PL emission bands between 
498-564 nm.
22
  Double-layer devices were made that consisted of indium-tin oxide 
(ITO)/poly(ethylenedioxythiophene) (PEDOT)/polymer/Ca/Al which emitted green to 
yellow-orange light under applied voltage.
22
  At the time of this research, a maximum 
brightness of 16919 cd/m
2
 was obtained for the devices which was the highest value 
obtained for DP-PPV derivatives.
22 
Poly(oxyethylene) Side Chain Substituted DP-PPV. 
 Liao and coworkers synthesized self-assembling amphiphilic hairy-rod DP-PPV 
with a side-chain that consisted of a hydrophilic poly(oxyethylene) (PEO).
23 
 Because of 
 26 
the water solubility of PEO, the polymer poly(2,3-diphenyl-5-(trimethyleneheptadeca)-
methoxy)-phenylene vinylene) (PVEO17) can be desolved in both polar and non-polar 
solvents.
23
  The possible applications of PVEO17 are optoelectronic applications and 
organic light-emitting diodes.
23
   
 The synthetic pathway towards the monomer 42 employs a five step pathway that 
begins with the condensation of benzil 23 with diethyl 1,3-acetonedicarboxylate 24 to 
yield the cyclopentadienone 3. The cyclopentadienone 3 undergoes a Diels-Alder with  
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5-chloro-1-pentyne 66 to produce diethyl 2,3-diphenyl-5-(propyl-3-chloride)terephthalate 
67 in 92% yield.  The terephthalate 67 is then reacted with poly(oxyethylene) methyl 
ether (PEO) using NaH and KI to obtain diethyl 2,3-diphenyl-5-(trimethylene-
heptadeca(oxyethylene)methoxy)terephthalate 68 via a nucleophilic substitution.  
Compound 68 is then reduced with LiAlH4 to yield 2,3-diphenyl-5-(trimethylene-
heptadeca(oxyethylene)methoxy-1,4-bis(hydroxymethyl)benzene 69.  Reacting the diol 
69 with thionyl chloride yields 2,3-diphenyl-5-(trimethylene-
heptadeca(oxyethylene)methoxy)-1,4-bis(chloromethyl)benzene 70.  
The polymer PVEO17 was polymerized using 16 equiv t-BuOK with monomer 70 
to yield a low molecular weight polymer of 14,600 Da which may be the result of steric 
hindrance caused by the long PEO chain.
23
   
 









Instrumentation and Chemicals.     
Melting points were obtained with a DigiMelt MPA-160 or Electrothermal MP 





were obtained using a Bruker Avance 300 MHz NMR Spectrometer; 
19
F spectra were 
obtained using a Bruker Avance 400 MHz NMR Spectrometer (Central State University) 
or a Bruker Avance DPX 400 MHz NMR Spectrometer (The Ohio State University).  
Solvents for NMR were CDCl3, CDCl3/TFA, CD2Cl2, DMSO-d6 and Acetone-d6.  Gas 
Chromatographic-Mass Spectrometric (GC/MS) data were obtained using a Hewlett 
Packard HP 6890 Series GC System with a 5973 Mass Selective Detector.  Thermal 
Gravimetric Analysis (TGA) and Differential Scanning Calorimetry (DSC) spectra were 
obtained with a TA TGA Q 500 and a TA DSC Q 200 both employing a N2 atmosphere.  
Gel permeation chromatography (GPC) measurements were obtained with a Viscotek 
Model 270 Duel Dector equipped with polymer laboratories 5 μm PL gel Mixed C 
column and a Polypore column, a Perkin Elmer Series 200 pump operating at 0.8 mL/min  
and OmniSEC 4.0 software using dimethylformamide (DMF) (with 0.2% LiBr) as eluent 
and measurement of molecular weights relative to narrow polydispersity polystyrene 
standards (Polymer Laboratories) at 40⁰.  Infrared (IR) spectra were recorded as thin 
films (NaCl) with a Nicolet 6700 FT-IR spectrometer.  UV-vis spectra were recorded 
using a Varian 50 BIO UV-Visible Spectrophotometer.  X-ray crystallographic data were 
obtained from the STaRBURSTT Cyberdiffraction Consortium at Youngstown State 
 29 
University using a Bruker-Nonius SMART APEX CCD Diffractometer.  Data collection: 
SMART (Bruker, 2002);
24
  cell refinement: SAINT-Plus (Bruker, 2003);
25
 data reduction: 
SAINT-Plus; program used to solve structure: SHELXS97 (Sheldrick, 2008);
26
 program 
used to refine structure: SHELXS97 (Sheldrick, 2008);
26
 molecular graphics: Mercury 
(Macrae et al., 2006);
27
 OSCAIL, (McArdle, 1995).
28
  Elemental analyses were obtained 
through Midwest Microlab, LLC, Indianapolis, IN.  A 35 mL Q-Tube™ (pressure tube 
reactor) was purchased from Sigma-Aldrich Labware. Chemicals were purchased from 
Aldrich and used as received. 
2,2’-Difluorobenzil 73.   
The precursor 2,2‟-difluorobenzoin 72 was synthesized as reported.
29
  The 
conversion of 2,2‟-difluorobenzoin 72 to 2,2‟-difluorobenzil 73 was accomplished 
following a published procedure.
30
  The physical constants and NMR parameters for 2,2‟-
difluorobenzil 73 were consistent with those found in the literature (lit.
29
 mp 103-105⁰; 
found 96.9-97.3⁰). 
2-(4-Bromophenyl)benzothiazole 80.   
The compound 2-(4-bromophenyl)benzothiazole 80 was synthesized following a 
published procedure.
31
  The physical constants and NMR parameters for 2-(4-
bromophenyl)benzothiazole 80 were consistent with those found in literature (lit.
31
 mp 
131-132⁰; found 131.9-132⁰). 
4-(4-Phenyl-2-benzothiazole)-2-methyl-3-butyn-2-ol 82.   
The compound 4-(4-phenyl-2-benzothiazole)-2-methyl-3-butyn-2-ol 82 was 
synthesized following a published procedure.
32
  The physical constants and NMR 
 30 
parameters for 4-(4-phenyl-2-benzothiazole)-2-methyl-3-butyn-2-ol 82 were consistent 
with those found in literature (lit.
32
 mp 170-172⁰; found 169.3-171.6⁰). 
2-(4-Ethynylphenyl)benzothiazole 83.   
The compound 2-(4-ethynylphenyl)benzothiazole 83 was synthesized following a 
published procedure.
32
  The physical constants and NMR parameters for 2-(4-
ethynylphenyl)benzothiazole 83 were consistent with those found in literature (lit.
32
 mp 
129-130⁰; found 127.3-130.3⁰). 
2,5-Di(ethoxycarbonyl)-3,4-di(2-fluorophenyl)cyclopentadienone 74.   
In a 250 mL round-bottomed flask, 2,2‟-difluorobenzil 73 (8.851 g, 35.9 mmol) 
and diethyl 1,3-acetonedicarboxylate 24 (8.687 g, 42.9 mmol) were added to 30 mL of 
ethanol.  The mixture was heated in an oil bath to 95⁰ to obtain a clear, yellow solution.  
In a separate 50 mL round-bottomed flask, sodium (0.994 g, 43 mmol) was dissolved in 
30 mL of ethanol at room temperature (evolution of H2).  The sodium ethoxide solution 
was added to the benzil solution and heating was continued for 30 min, at which time a 
yellow solid appeared.  The yellow salt mixture was cooled to room temperature, vacuum 
filtered, and air dried.  The yellow salt was suspended in 35 mL of acetic anhydride in a 
250 mL beaker.  While stirring, H2SO4 was added dropwise until the salt dissolved and 
the solution was a clear dark red.  Deionized water was added dropwise to raise the 
temperature to and maintain it constant between 70-80⁰.  When the temperature dropped 
to 40⁰, 150 mL of deionized water was added.  The mixture was allowed to stir for 30 
min.  The orange solid was vacuum filtered, air dried, and recrystallized from high 
boiling petroleum ether to yield 2,5-di(ethoxycarbonyl)-3,4-di(2-




) 3070 (Ar CH), 2983 (Ali CH), 1745 (C=O Ester), 1720 (C=O Ketone), 1618 
(Ar C=C), 1221, 1205 (C-O), 
1
H NMR (300 MHz, CDCl3, δ) 1.17 (t, 6H, J = 7.1 Hz, 
ROCH2CH3), 4.21 (q, 4H, J = 7.1 Hz, ROCH2CH3), 6.96-7.08 (m, 6H, Ar CH), 7.31-
7.39 (m, 2H, Ar CH), 
13
C NMR (75 MHz, CDCl3, ppm) 13.84 (CH3), 61.17 (CH2), 
115.48 (d, J = 21.6 Hz, Ar CH), 119.50 (d, J = 15 Hz, Ar C), 120.41, 123.46 (d, J = 3.6 
Hz, Ar CH), 129.77 (Ar CH), 132.03 (d, J = 8.6 Hz, Ar CH), 159.08 (d, J = 254.9 Hz, Ar 
C-F), 159.6 (d, J = 223.4 Hz, Ar C-F), 189.98 ((C=O) ketone), 
19
F NMR (376 MHz, 
1
H 
dec., CDCl3, δ) -109.40 (s), -111.57 (s). Anal. Calcd. for C23H18F2O5; C, 66.99; H, 4.40. 
Found: C, 67.02; H, 4.39.  
Diethyl 4a,5,8,8a-Tetrahydro-10-oxo-2,3-di(2-fluorophenyl)-1,4:5,8-
dimethanonaphthalene-1,4-dicarboxylic Acid 75.   
 
In a 50 mL round-bottomed flask equipped with a drying tube, 2,5-
di(ethoxycarbonyl)-3,4-di(2-fluorophenyl)cyclopentadienone 74 (5.022 g, 12.2 mmol) 
and norbornadiene 26 (5.610 g, 60.9 mmol) (5 equiv.) were dissolved in 13 mL of 
toluene.  The solution was stirred at rt. for ~15 min until a white solid appeared.  The 
toluene was evaporated and the white solid was recrystallized from methanol to yield 
white crystals of diethyl 4a,5,8,8a-tetrahydro-10-oxo-2,3-di(2-fluorophenyl)-1,4:5,8-
dimethanonaphthalene-1,4-dicarboxylic acid 75 (5.223 g, 10.36 mmol, 85%):  mp 129-
130⁰;  IR (NaCl, cm-1) 3066 (Ar CH), 2987 (Ali CH), 1794 (C=O Ester), 1730 (C=O 
Ketone), 1628 (Ar C=C), 
1
H NMR (300 MHz, CDCl3, δ) 0.99 (t, 6H, J = 7.1 Hz, 
ROCH2CH3), 1.34 (d, 1H, J = 9.5 Hz, methylene bridge CH), 2.48 (d, 1H, J=9.5Hz, 
methylene bridge CH), 2.86 (s, 2H, fusion CH), 3.34 (d, 2H, J = 1.2 Hz, allylic 
bridgehead CH), 4.00-4.16 (m, 4H, ROCH2CH3), 6.41 (s, 2H, alkene CH), 6.98-7.30 (m, 
8H, Ar CH), 
13
C NMR (75 MHz, CDCl3, ppm) 13.63 (ROCH2CH3),  41.07 (methylene 
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bridge CH2), 44.42 (fusion CH), 44.91 (d, J=5.3 Hz, allylic bridgehead CH), 61.15 
(ROCH2CH3), 67.98 (O=CCCO2Et), 115.50 (d, J = 22.5 Hz, Ar CH), 122.16 (d, J = 15.0 
Hz, Ar C), 123.94 (d, J = 1.3 Hz, Ar CH), 129.57 (t, J = 2.3 Hz, Ar CH), 130.14 (d, J = 
9.0 Hz, Ar CH), 133.82 (Ph-C=C-Ph), 141.38 (CH=CH), 160.12 (d, J = 247.5 Hz, C-F), 
167.12 (ester C=O), 185.33 (ketone C=O), 
19
F NMR (376 MHz, 
1
H dec., CDCl3, δ)          
-109.56 (s).  Anal. Calcd. for C30H26F2O5;  C, 71.42; H, 5.19. Found: C, 71.65; H, 5.31. 
Diethyl 2,3-Di(2-fluorophenyl)terephthalate 76.   
In a 50 mL round-bottomed flask equipped with a drying tube, diethyl 4a,5,8,8a-
tetrahydro-10-oxo-2,3-di(2-fluorophenyl)-1,4:5,8-dimethanonaphthalene-1,4-
dicarboxylic acid 75 (1.790 g, 3.55 mmol) was added.  The flask was submerged in a hot 
oil bath at 135⁰, at which time the solid melted and bubbled.  Once the bubbling ceased, 
the flask was cooled to room temperature to yield diethyl 2,3-di(2-
fluorophenyl)terephthalate 76 (1.467 g, 3.55 mmol, 100%): mp 102.4-103.4⁰; IR (NaCl, 
cm
-1
) 3061 (Ar CH), 2991 (Ali CH), 1716 (C=O), 1614 (Ar C=C), 
1
H NMR (300 MHz, 
CDCl3, δ) 1.00 and 1.01 (t,t, 6H, J = 7.1 Hz, CH3), 4.00 (q, 4H, J = 7.1 Hz, CH2), 7.10-
6.66 (m, 8H, Ar CH), 7.94 and 7.97 (s, 2H, Ar, CH), 
13
C NMR (75 MHz, CDCl3, ppm) 
13.60 (CH3), 61.22 (CH2), 114.21 (d, J=22.0 Hz, Ar CH), 114.51-114.94 (six line pattern, 
Ar CH), 122.72 (t, J = 1.8 Hz, Ar CH), 123.13 (d, J = 3.4 Hz, Ar CH), 126.16-126.54 (six 
line pattern, Ar C), 126.82 (d, J = 17.3 Hz, Ar C), 129.10-129.46 (m, Ar CH), 130.46 (d, 
J = 1.1 Hz, Ar CH), 130.50 (d, J = 1.1 Hz, Ar CH), 131.55 (Ar CH), 134.85 (Ar C), 
135.17 (Ar C), 136.94 (Ar C), 137.20 (Ar C), 159.30 (d, J = 244.2 Hz, Ar C-F), 159.70 
(d, J = 246.9 Hz, Ar C-F), 166.65 (C=O), 166.93 (C=O), 
19




CDCl3, δ) -113.75 (s), -114.18 (s), GC/MS (m/z) 410.10 (100%), 411.10 (25%), 412.10 
(3.9%).  Anal. Calcd. for C24,H20,F2O4;  C, 70.68; H, 5.07. Found: C, 70.24; H, 4.91. 
Diethyl 5-hexyl-2,3-di(2-fluorophenyl)terephthalate 77.   
In a 35 mL Q-tube™ (pressure reactor), 2,5-di(ethoxycarbonyl)-3,4-di(2-
fluorophenyl)cyclopentadienone 74 (2.065 g, 5.00 mmol) and 1-octyne 27a (0.551 g, 
5.00 mmol) were dissolved in 7 mL of toluene.  The orange solution was heated to 180⁰ 
for 24 h, at which time the solution changed color from a dark orange to a pale orange 
color.  The solution was cooled to rt. and toluene was removed to yield an orange oil.  
The orange oil was chromatographed on silica gel using methylene chloride as the eluent 
to yield diethyl 5-hexyl-2,3-di(2-fluorophenyl)terephthalate 77 (2.484 g, 5.02 mmol, 
100%): IR (NaCl, cm
-1
) 3062 (Ar CH), 2958 (Ali CH), 1728 (C=O Ester), 1616 (Ar 
C=C), 
1
H NMR (300 MHz, CDCl3, δ) 0.80-0.92 (t,t,t, 9H, J = 7.1 Hz, CH3), 1.24-1.35 
(m, 6H, RCH2CH2(CH2 )3CH3), 1.61-1.65 (m, 2H, RCH2CH2(CH2 )3CH3), 2.56-2.72 (m, 
2H, RCH2(CH2)4CH3), 3.84-4.04 (q,q,q,q 4H, J = 7.1 Hz, RCOCH2CH3), 6.69-7.15 (m, 
Ar CH), 
13
C NMR (75 MHz, CDCl3, ppm) 13.58 (RCOCH2CH3), 14.05 (R(CH2)5CH3), 
22.54 (RCH2(CH2)4CH3), 29.30 (R(CH2)2CH2(CH2)2CH3), 31.08 
(R(CH2)3CH2CH2CH3), 31.59 (RCH2CH2(CH2)3CH3), 33.57 (R(CH2)4CH2CH3), 61.06 
(RCOCH2CH3), 114.17 (d, J = 19.5 Hz, Ar CH), 114.46 (d, J = 19.5 Hz, Ar CH), 114.63 
(d, J = 22.5 Hz, Ar CH), 114.94 (d, J = 22.5 Hz, Ar CH), 122.61 (d, J =3.7 Hz, Ar CH), 
122.87 (d, J = 3.7 Hz, Ar CH), 123.05 (d, J = 3.7 Hz, Ar CH), 123.13 (d, J = 3.7 Hz, Ar 
CH), 125.29 (Ar C), 125.81 (d, J = 17.25 Hz, Ar C), 126.47 (d, J = 16.5 Hz, Ar C), 
126.94 (d, J = 16.5 Hz, Ar C), 128.21 (Ar CH), 128.83 (d, J = 8.2 Hz, Ar CH), 129.09 (d, 
J = 7.5 Hz, Ar CH), 129.56 (d, J = 8.2 Hz), 129.69 (d, J = 8.2 Hz, Ar CH), 130.67 (d, J = 
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2.5 Hz, Ar CH), 131.42 (d, J =2.2 Hz, Ar CH), 131.65 (d, J = 3.0 Hz, Ar CH), 132.04 (d, 
J = 3.0 Hz, Ar CH), 132.47 (Ar C), 132.59 (Ar C), 133.85 (Ar C), 134.00 (Ar C), 134.58 
(Ar C), 134.86 (Ar C), 137.79 (Ar C), 138.09 (Ar C), 139.82 (Ar C), 139.91 (Ar C), 
159.22 (d, J = 243.7 Hz, Ar C-F), 159.65 (d, J = 246.7 Hz, Ar C-F), 159.86 (d, J = 244.5 
Hz, Ar C-F), 160.00 (d, J = 244.5 Hz), 166.97 (C=O), 167.04 (C=O), 168.07 (C=O), 
168.19 (C=O), 
19
F NMR (376 MHz, 
1
H dec., CDCl3, δ) -112.96 (s), -113.41 (d, J(F,F) = 
11.5 Hz), -114.78 (s), GC/MS (m/z) 494.10 (100%), 495.10 (28.9%), 496.10 (3.9%).  
Anal. Calcd. for C30H32F2O4; C, 72.86; H, 6.52. Found: C, 72.52; H, 6.50. 
Diethyl 5-(2-(4-Benzothiazolyl)phenyl)-2,3-di(2-fluorophenyl)terephthalate 84.  
In a 100 mL round-bottomed flask, 2,5-di(ethoxycarbonyl)-3,4-di(2-
fluorophenyl)cyclopentadienone 74 (5.008 g, 12.14 mmol) and 2-(4-
ethynylphenyl)benzothiazole 83 (2.857 g, 12.14 mmol) were dissolved in 20 mL toluene 
and refluxed for 72 h.  Toluene was evaporated to yield a brownish solid which was 
recrystallized from methanol to yield an off-white solid diethyl 5-(2-(4-
benzothiazolyl)phenyl)-2,3-di(2-fluorophenyl)terephthalate 84 (7.031 g, 11.36 mmol, 
94%): mp 179.7-181.1⁰; IR (NaCl, cm-1) 3062 (Ar CH), 2980 (Ali CH), 1728 (C=O 
Ester), 1616 (Ar C=C), 
1
H NMR (300 MHz, CDCl3, δ) 0.81 and 0.82 (t,t, 3H, J = 7.1 Hz, 
CH3), 1.02 and 1.05 (t,t, 3H, J = 7.1 Hz, CH3), 3.84 (q, 2H, J = 7.1 Hz, CH2), 4.12 and 
4.15 (q,q, 2H, J = 7.1 Hz, CH2), 6.84-7.19 (m, 8H, Ar CH), 7.41(td, 1H, J = 1.2 Hz, Ar 
CH), 7.53 (td, 1H, J = 1.1 Hz, Ar CH), 7.67 (d, 1H, J = 8.1 Hz, Ar CH), 7.69 (d, 1H, J = 
8.3 Hz), 7.95 (d, 1H, J = 7.9 Hz, Ar CH), 8.13 (s, 1H, Ar CH), 8.20 (d, 2H, J = 8.3 Hz, Ar 
CH), 8.21 (d, 1H, J = 8.0 Hz),
 13
C NMR (75 MHz, CDCl3, ppm) 13.43 (CH3), 13.64 
(CH3), 61.30 (CH2), 114.31 (d, J = 18.0 Hz, Ar CH), 144.60 (d, J = 18.0 Hz, Ar CH), 
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114.78 (d, J = 22.5 Hz, Ar CH), 115.08 (d, J = 21.8 Hz, Ar CH), 121.69 (Ar CH), 122.80 
(d, J = 3.0 Hz, Ar CH), 123.00 (d, J = 3.0 Hz, Ar CH), 123.23 (d, J = 4.5 Hz, Ar CH), 
123.26 (Ar CH), 123.28 (d, J = 3.8 Hz, Ar CH), 125.42 (Ar CH), 126.51 (Ar CH), 125.19 
(d, J = 17.2 Hz, Ar C), 125.31 (d, J = 17.2 Hz, Ar C), 126.10 (d, J = 16.5 Hz, Ar C), 
126.56 (d, J = 17.2 Hz, Ar C), 127.69 (Ar CH), 129.20 (d, J = 8.2 Hz, Ar CH), 129.32 (Ar 
CH), 129.43 (d, J = 8.2 Hz, Ar CH), 129.91 (d, J = 9.7 Hz, Ar CH), 130.02 (d, J = 8.2 Hz, 
Ar CH), 131.00 (Ar CH), 131.03 (d, J = 3.0 Hz, Ar CH), 131.28 (d, J = 2.2 Hz, Ar CH), 
131.29 (d, J = 3.0 Hz, Ar CH), 130.51 (d, J = 1.5 Hz, Ar CH), 135.00 (Ar C), 135.78 (Ar 
C), 135.53 (Ar C), 135.97 (Ar C), 136.14 (Ar C), 137.28 (Ar C), 137.56 (Ar C), 138.68 
(Ar C), 138.74 (Ar C), 141.92 (Ar C), 153.92 (Ar C), 159.16 (d, J = 244.6 Hz, Ar C-F), 
159.41 (d, J = 246.5 Hz, Ar C-F), 159.69 (d, J = 248.0 Hz, Ar C-F), 159.90 (d, J = 246.2 
Hz, Ar C-F), 166.45 (C=O), 166.54 (C=O), 167.46 (Ar C), 167.50 (C=O), 167.60 (C=O),  
19
F NMR (376 MHz, 
1
H dec., CDCl3, δ) -112.81 (s), -113.29 (d, J(F,F) = 11.5 Hz),            
-114.60 (s), -115.46 (d, J(F,F) = 11.5 Hz).  Anal. Calcd. for C27H27F2NO4S; C, 71.71; H, 
4.39. Found: C, 71.77; H, 4.49. 
2,3-Di(2-fluorophenyl)-1,4-benzenedicarboxylic Acid 85.   
In a 100 mL round-bottomed flask, diethyl 2,3-di(2-fluorophenyl)terephthalate 76 
(1.722 g, 4.20 mmol) was hydrolyzed in 12 mL acetic acid in the presence of 2.3 mL 
48% (aq) HBr.  The mixture was heated to reflux for 48 h followed by filtration to 
remove the diacid precipitate.  The diacid was dissolved in a 5% (w/v) potassium 
carbonate solution and filtered again.  The diacid 85 was recovered from the filtrate with 
addition of conc. HCl to yield 2,3-di(2-fluorophenyl)-1,4-benzenedicarboxylic acid 85 as 
a white solid (1.363 g, 3.04 mmol, 92%): mp 350-356⁰; IR (NaCl, cm-1) 3300-2000 
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(broad, COOH), 1697 (C=O), 
1
H NMR (300 MHz, Acetone-d6, δ) 6.85-7.21 (m, 8H, Ar 
CH), 8.15 and 8.12 (s,s, 2H, Ar CH), 10.70 (broad, COOH), 
13
C NMR (75 MHz, 
Acetone-d6, ppm) 115.01 (d, J = 22.1 Hz, Ar CH), 115.05-115.46 (six line pattern, Ar 
CH), 123.64 (t, J = 1.5 Hz, Ar CH), 124.03 (d, J = 3.5 Hz, Ar CH), 127.08-127.45 (six 
line pattern, Ar C), 127.71 (d, J = 17.4 Hz, Ar C), 129.97-130.31 (m, Ar CH), 131.39 (d, 
J = 1.0 Hz, Ar CH), 131.43 (d, J = 1.29 Hz, Ar CH), 132.95 (Ar CH), 132.97 (Ar CH), 
136.02 (Ar C), 136.28 (Ar C), 137.93 (Ar C), 138.08 (Ar C), 160.31 (d, J = 242.8 Hz, Ar 
C-F), 160.63 (d, J = 244.8 Hz, Ar C-F), 167.61 (C=O), 167.89 (C=O), 
19
F NMR (376 
MHz, 
1
H dec., Acetone-d6, δ) -115.46 (s), -116.11 (s).  Anal. Calcd. for C20H12F2O4; C, 
67.80; H, 3.41. Found: C, 67.75; H, 3.52. 
5-Hexyl-2,3-di(2-fluorophenyl)-1,4-benzenedicarboxylic Acid 86.   
In a 100 mL round-bottomed flask, diethyl 5-hexyl-2,3-di(2-
fluorophenyl)terephthalte 77 (1.483 g, 3.00 mmol) was hydrolyzed in 8.3 mL acetic acid 
in the presence of 1.7 mL 48% (aq) HBr.  The mixture was heated to reflux for 96 h.  The 
solution was poured into 150 mL H2O to precipitate a tan solid which was filtered.  The 
tan solid was redissolved in 200 mL 5% (w/v) potassium carbonate solution which was 
washed 2x (100 mL) CHCl3.  The potassium carbonate layer was filtered through glass-
microfiber filter paper.  The filtrate was acidified with conc. HCl slowly until brownish 
flakes appeared which at that time was filtered through glass-microfiber filter paper.  The 
filtrate was continued to be acidified with conc. HCl to yield 5-hexyl-2,3-di(2-
fluorophenyl)-1,4-benzenedicarboxylic acid 86 as a white solid (1.013 g, 2.30 mmol, 
77%): mp 225.1-226.2⁰; IR (NaCl, cm-1) 3500-2100 (broad, COOH), 1695 (C=O), 1H 
NMR (300 MHz, Acetone-d6, δ) 0.91 δ (t, 3H, J = 7.0 Hz, CH3), 1.35-1.47 δ (m, 6H, 
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R(CH2)2(CH2)3CH3) 1.72-1.80 δ (m, 2H, RCH2CH2(CH2)3CH3), 2.81-2.87 δ (m, 2H, 
RCH2(CH2)4CH3), 6.79-7.29 δ (m, 8H, Ar CH), 8.00 (s, 1H, Ar CH), 
13
C NMR (75 MHz, 
Acetone-d6, ppm) 14.34 (CH3), 23.24 (R(CH2)4CH2CH3), 32.03 (RCH2CH2(CH2)3CH3), 
32.33 (R(CH2)3CH2CH2CH3), 34.23 (RCH2(CH2)4CH3), 114.97 (d, J = 22.5 Hz, Ar CH), 
115.19 (d, J = 22.5 Hz, Ar CH), 115.26 (d, J = 21.8 Hz, Ar CH), 115.49 (d, J = 21.8 Hz, 
Ar CH), 123.49 (d, J = 3.7 Hz, Ar CH), 123.82 (d, J = 3.7 Hz, Ar CH), 123.91 (d, J = 3.0 
Hz, Ar CH), 124.01 (d, J = 3.7 Hz, Ar CH), 126.78 (d, J = 17.2 Hz, Ar C), 126.85 (d, J = 
17.2 Hz, Ar C), 127.47 (d, J = 16.5 Hz, Ar C), 127.89 (d, J = 17.2 Hz, Ar C), 129.65 (d, J 
= 8.2 Hz, Ar CH), 130.05 (d, J = 8.2 Hz, Ar CH), 130.55 (d, J = 7.5 Hz, Ar CH), 130.76 
(d, J = 8.2 Hz, Ar CH), 131.36 (Ar CH), 131.61 (d, J = 2.2 Hz, Ar CH), 132.28 (d, J = 2.2 
Hz, Ar CH), 132.96 (d, J = 3.7 Hz, Ar CH), 133.38 (d, J = 3.7 Hz, Ar CH), 133.55 (Ar 
C), 133.59 (Ar C), 134.98 (Ar C), 135.16 (Ar C), 135.27 (Ar C), 139.62 (Ar C), 139.90 
(Ar C), 139.98 (Ar C), 140.05 (Ar C), 160.17 (d, J = 242.8 Hz, Ar C-F), 160.41 (d, J = 
244.8 Hz, Ar C-F) 160.59 (d, J = 214.9 Hz, Ar C-F), 161.00 (d, J = 244.2 Hz, Ar C-F), 
167.89 (C=O), 167.97 (C=O), 169.40 (C=O), 169.56 (C=O), 
19
F NMR (376 MHz, 
1
H 
dec., Acetone-d6, δ) -113.38 (s), -114.14 (d, J(F,F) = 10.5 Hz),         -115.49 (s).  Anal. 
Calcd. for C26H24F2O4; C, 71.22; H, 5.52. Found: C, 71.52; H, 5.62. 
5-(2-(4-Benzothiazolyl)phenyl)-2,3-di(2-fluorophenyl)-1,4-benzenedicarboxylic Acid 
87.   
 
The same procedure described for preparation of 85 was used starting with diethyl 
5-(2-(4-benzothiazolyl)phenyl)-2,3-di(2-fluorophenyl)terephthalate 84.  The product 
yield 86% as white solid of 5-(2-(4-benzothiazolyl)phenyl)-2,3-di(2-fluorophenyl)-1,4-
benzenedicarboxylic acid 87: mp >360⁰; IR (NaCl, cm-1) 3307-2175 (broad, COOH), 
1699 (C=O), 
1
H NMR (300 MHz, DMSO-d6, δ) 6.89-7.31 (m, 8H, Ar CH), 7.46 (t, 1H, J 
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= 7.0 Hz, Ar CH), 7.57 (t, 1H, J = 7.0 Hz, Ar CH), 7.76 (d, 1H, J = 8.1 Hz, Ar CH), 7.77 
(d, 1H, J = 8.4 Hz, Ar CH), 8.01 (s, 1H, Ar CH), 8.10 (d, 1H, J = 7.8 Hz, Ar CH), 8.17 (d, 
1H, J = 7.8 Hz, Ar CH), 8.21 (d, 2H, J = 8.1 Hz, Ar CH), 
13
C NMR (75 MHz, Acetone-
d6, ppm) 114.25 (d, J = 21.0 Hz, Ar CH), 114.37 (d, J = 21.7 Hz, Ar CH), 114.53 (d, J = 
21.0 Hz, Ar CH), 114.66 (d, J = 21.7 Hz, Ar CH), 122.39 (Ar CH), 122.95 (Ar CH), 
123.17 (d, J = 3.0 Hz, Ar CH), 123.35 (d, J = 3.7 Hz, Ar CH), 124.82 (d, J = 16.5 Hz, Ar 
C), 124.95 (d, J = 17.2 Hz, Ar C), 125.53 (Ar CH), 125.64 (d, J = 16.5 Hz, Ar C), 126.74 
(Ar CH), 126.03 (d, J = 17.2 Hz, Ar C), 127.44 (Ar CH), 129.37 (Ar CH), 129.68 (d, J = 
8.2 Hz, Ar CH), 130.09 (d, J = 10.5 Hz, Ar CH), 130.16 (Ar CH), 130.32 (d, J = 9.7 Hz, 
Ar CH), 131.03 (d, J = 2.2 Hz, Ar CH), 131.83 (d, J = 3.7 Hz, Ar CH), 132.50 (d, J = 2.2 
Hz, Ar CH), 133.38 (Ar C), 133.48 (Ar C),134.34 (Ar C), 134.38 (Ar C), 134.57 (Ar C), 
135.12 (Ar C), 135.15 (Ar C), 136.94 (Ar C), 136.99 (Ar C), 137.75 (Ar C), 138.09 (Ar 
C), 141.69 (Ar C), 153.58 (Ar C), 158.52 (d, J = 241.5 Hz, Ar C-F), 158.86 (d, 243.0 Hz, 
Ar C-F), 159.02 (d, J = 243.7 Hz, Ar C-F), 159.25 (d, J = 242.2 Hz, Ar C-F), 166.67 (Ar 
C), 167.22 (C=O), 167.29 (C=O), 168.50 (C=O), 168.61 (C=O),
 19
F NMR (376 MHz, 
1
H 
dec., DMSO-d6, δ) -112.36 (s), -113.67 (d, J(F,F) = 10.4 Hz), -114.20 (s), -115.77 (d, 
J(F,F) = 10.1 Hz).  Anal. Calcd. for C33H19F2NO4S; C, 70.33; H 3.40. Found: C, 70.39; 
H, 3.56. 
2,3-Di(2-fluorophenyl)terephthaloyl Dichloride 88.   
In a 25 mL round-bottomed flask, 2,3-di(2-fluorophenyl)-1,4-
benzenedicarboxylic acid 85 (1.363 g, 3.84 mmol) was added to (Freshly opended) 
SOCl2 (77.68 mmol, 20.23 equiv) and heated to 80⁰ for 4 h.  The solution was cooled and 
excess thionyl chloride was removed by vacuum distillation to yield 2,3-di(2-
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fluorophenyl)terephthaloyl dichloride 88 as a light green oil (1.478 g, 3.76 mmol, 98%): 
IR (NaCl, cm
-1
) 3066 (Ar CH), 1774 (C=O), 1618 (Ar C=C), 
1
H NMR (300 MHz, 
CDCl3, δ) 6.88-7.04 (m, 6H, Ar CH), 7.17-7.25 (m, 2H, Ar CH), 8.27 and 8.22 (s,s, 2H, 
Ar CH), 
13
C NMR (75 MHz, CDCl3, ppm) 114.85 (d, J = 21.7 Hz, Ar CH), 115.19-
115.59 (six line pattern, Ar CH), 123.42 (t, J = 1.8 Hz, Ar CH), 123.82 (d, J = 3.7 Hz, Ar 
CH), 124.09 (d, J = 16.5 Hz, Ar C), 130.08-130.62 (m, Ar CH), 131.40 (Ar CH), 136.99 
(Ar C), 137.30 (Ar C), 139.21 (Ar C), 139.56 (Ar C), 159.05 (d, J = 243.7 Hz, Ar C-F), 
159.35 (d, J = 246.7 Hz, Ar C-F), 166.46 (C=O), 166.78 (C=O),
 19
F NMR (376 MHz, 
1
H 
dec., CDCl3, δ) -114.40 (s), -114.63 (s).  Anal. Calcd. for C20H20Cl2F2O2; C, 61.41; H, 
2.58. Found: C, 61.21; H, 2.59. 
5-Hexyl-2,3-di(2-fluorophenyl)terephthaloyl Dichloride 89.   
The same procedure described for preparation of 88 was used starting with 5-
hexyl-2,3-di(2-fluorophenyl)-1,4-benzenedicarboxylic acid 86.  The product yield 100% 
as a orange/yellow oil of 5-hexyl-2,3-di(2-fluorophenyl)terephthaloyl dichloride 89: IR 
(NaCl, cm
-1
) 2929 (Ar CH), 2858 (Ali CH), 1782 (C=O), 1616 (C=C), 
1
H NMR (300 
MHz, CDCl3, δ) 0.94 (t, 3H, J = 6.9 Hz, CH3), 1.37-1.51 (m, 6H, R(CH2)2(CH2)3CH3), 
1.80 (qt, 2H, J = 7.5 Hz, RCH2CH2(CH2)3CH3), 2.85 (t, 2H, J = 8.1 Hz, 
RCH2(CH2)4CH3), 6.89-7.26 (m, 8H, Ar CH), 8.10 (s, 1H, Ar CH), 
13
C NMR (75 MHz, 
CDCl3, ppm) 14.02 (CH3), 22.52 (R(CH2)4CH2CH3), 29.16 (R(CH2)2CH2(CH2)2CH3), 
30.74 (RCH2CH2(CH2)3CH3), 30.78 (RCH2CH2(CH2)3CH3), 31.47 
(R(CH2)3CH2CH2CH3), 33.24 (RCH2(CH2)4CH3), 33.27 (RCH2(CH2)4CH3), 114.79 (d, J 
= 21.7 Hz, Ar CH), 115.08 (d, J = 21.0 Hz, Ar CH), 115.29 (d, J = 17.2 Hz, Ar CH), 
115.58 (d, J = 17.2 Hz, Ar CH), 123.20 (d, J = 3.7 Hz, Ar CH), 123.25 (d, J = 3.7 Hz, Ar 
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CH), 123.74 (d, J = 4.5 Hz, Ar CH), 123.75 (d, J = 15.8 Hz, Ar C), 123.79 (d, J =3.7 Hz, 
Ar CH), 124.20 (d, J = 16.5 Hz, Ar C), 130.13 (d, J = 6.8 Hz, Ar CH), 130.34 (d, J = 8.2 
Hz, Ar CH), 130.56 (Ar CH), 130.74 (Ar CH), 130.97 (d, J = 8.2 Hz, Ar CH), 131.07 (d, 
J = 8.2 Hz, Ar CH), 131.48 (d, J = 3.0 Hz, Ar CH), 131.57 (Ar CH), 132.12 (Ar CH), 
132.25 (d, J = 2.2 Hz, Ar CH), 133.52 (Ar C), 133.70 (Ar C), 134.36 (Ar C), 134.59 (Ar 
C), 136.50 (Ar C), 136.62 (Ar C), 138.44 (Ar C), 138.52 (Ar C), 142.91 (Ar C), 143.19 
(Ar C), 159.01 (d, J = 243.7 Hz, Ar C-F), 159.17 (d, J = 246.0 Hz, Ar C-F), 159.42 (d, J = 
247.5 Hz, Ar C-F), 159.62 (d, J = 242.2 Hz, Ar C-F), 166.58 (C=O), 168.25 (C=O), 
168.43 (C=O), 168.81 (C=O), 
19
F NMR (376 MHz, 
1
H dec., CDCl3, δ) -112.28 (s), -
112.67 (d, J(F,F) = 10.5 Hz), -114.42 (s), -115.27 (d, J(F,F) = 10.3 Hz).  Anal. Calcd. for 
C26H22Cl2F2O2; C, 65.69; H, 4.66. Found: C, 64.89; H, 4.54. 
5-(2-(4-Benzothiazolyl)phenyl)-2,3-di(2-fluorophenyl)terephthaloyl Dichloride 90.   
The same procedure described for preparation of 88 was used starting with 5-(2-
(4-benzothiazolyl)phenyl)-2,3-di(2-fluorophenyl)-1,4-benzenedicarboxylic acid 87.  The 
product was recrystallized from ligroin to yield 5-(2-(4-benzothiazolyl)phenyl)-2,3-di(2-
fluorophenyl)terephthaloyl dichloride 90 as off-white crystals (61%): mp 194-196.6⁰; IR 
(NaCl, cm
-1
) 3061 (Ar CH), 1774 (C=O), 1616 (C=C), 
1
H NMR (300 MHz, CDCl3, δ) 
6.92-7.28 (m, 8H, Ar CH), 7.44 (t, 1H, J = 7.5 Hz, Ar CH), 7.55 (t, 1H, J = 7.5 Hz, Ar 
CH), 7.69 (d, 1H, J = 8.4 Hz, Ar CH), 7.70 (d, 1H, J = 8.1 Hz, Ar CH), 7.96 (d, 1H, J = 
8.1 Hz, Ar CH), 7.96 (d, 1H, J = 8.1 Hz, Ar CH), 8.13 (d, 1H, J = 8.1 Hz, Ar CH), 8.27 
(d, 2H, J = 7.2 Hz, Ar CH), 8.29 (s, 1H, Ar CH), 
13
C NMR (75 MHz, CDCl3, ppm) 
114.92 (d, J = 21.0 Hz, Ar CH), 115.13 (d, J = 21.7 Hz, Ar CH), 115.63 (d, J = 21.7 Hz, 
Ar CH), 115.73 (d, J = 21.7 Hz, Ar CH), 121.74 (Ar CH), 123.02 (d, J = 16.5 Hz, Ar C), 
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123.09 (d, J = 16.5 Hz, Ar C), 123.40 (d, J = 3.7 Hz, Ar CH), 123.48 (Ar CH), 123.64 (d, 
J = 3.7 Hz, Ar CH), 123.88 (d, J = 1.5 Hz, Ar CH), 123.91 (d, J = 2.2 Hz, Ar CH), 124.10 
(Ar C), 125.57 (Ar CH), 126.56 (Ar CH), 128.19 (Ar CH), 129.70 (Ar CH), 130.38 (Ar 
CH), 130.43 (d, J = 8.2 Hz, Ar CH), 130.64 (d, J = 8.2 Hz, Ar CH), 131.13 (d, J = 6.7 Hz, 
Ar CH), 131.23 (d, J = 8.2 Hz, Ar CH), 131.29 (Ar CH), 131.38 (d, J = 2.2 Hz, Ar CH), 
132.08 (d, J = 2.2 Hz, Ar CH), 132.42 (d, J = 3.7, Ar CH), 134.37 (Ar C), 134.50 (Ar C), 
134.74 (Ar C), 135.18 (Ar C), 136.11 (Ar C), 136.35 (Ar C), 136.91 (Ar C), 137.04 (Ar 
C), 137.79 (Ar C), 137.83 (Ar C), 139.39 (Ar C), 142.11 (Ar C), 142.36 (Ar C), 154.10 
(Ar C), 158.95 (d, J = 243.7 Hz, Ar C-F), 159.22 (d, J = 245.2 Hz, Ar C-F), 159.47 (d, J = 
247.5, Ar C-F), 159.56 (d, J = 246.0 Hz, Ar C-F), 166.35 (C=O), 166.57 (C=O), 166.77 
(Ar C), 167.96 (C=O), 168.05 (C=O), 
19
F NMR (376 MHz, 
1
H dec., CDCl3, δ) -112.16 
(s), -112.60 (d, J(F,F) = 11.0 Hz), -114.14 (s), -115.01 (d, J(F,F) = 10.4 Hz).  Anal. 
Calcd. for C33H17Cl2F2NO2S; C, 66.01; H, 2.85. Found: C, 66.23; H, 2.90. 
5,8-Dioxo-5,8-dihydro-1,12-difluoroindeno[2,1-c]fluorene 91. 
 From 2,3-Di(2-fluorophenyl)-1,4-benzenedicarboxylic Acid 85 in 
(Old/undistilled) SOCl2.  In a 25 mL round-bottomed flask, 2,3-di(2-fluorophenyl)-1,4-
benzenedicarboxylic acid 85 (1.523 g, 4.30 mmol) was dissolved in (Old/undistilled) 
thionyl choride (86.94 mmol, 20.23 equiv) and refluxed at 80⁰ for 4 h at which time a 
yellow solid formed and the solution appeared black in color.  The mixture was cooled 
and excess SOCl2 was removed by vacuum distillation.  The yellow solid was 
recrystallized from methylene chloride to yield 5,8-dioxo-5,8-dihydro-1,12-
difluoroindeno[2,1-c]fluorene 91 (0.880 g, 2.76 mmol, 64%): mp >370⁰; IR (NaCl, cm-1) 
2920 (Ar CH), 1716 (C=O), 1603 (Ar C=C), 
1
H NMR (300 MHz, CDCl3/TFA, δ) 7.35-
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7.40 (m, 2H, Ar CH), 7.46-7.52 (m, 2H, Ar CH), 7.67 (d, 2H, J = 7.2 Hz, Ar CH), 7.73 (s, 
2H, Ar CH),
 13
C NMR (75 MHz, CDCl3/TFA, ppm) 121.79 (Ar CH), 124.85 (t, J = 10.7 
Hz, Ar CH), 125.79 (Ar CH), 130.83 (Ar C), 132.52 (t, J = 3.6 Hz, Ar CH), 136.53 (Ar 
C), 136.64 (Ar C), 141.21 (Ar C), 157.92 (d, J = 256.5 Hz, Ar C-F), 193.98 (C=O).  Anal. 
Calcd. for C20H8F2O2; C, 75.47; H, 2.53. Found: C, 75.50; H, 2.60. 
 From 2,3-Di(2-fluorophenyl)terephthaloyl Dichloride 88 in Fluorobenzene.  
In a 50 mL round-bottomed flask, 2,3-di(2-flurophenyl)terephthaloyl dichloride 88 was 
dissolved in 6 mL fluorobenzene (PhF).  Using an addition funnel, AlCl3 (1.404 g, 10.53 
mmol, 3.06 equiv) was added in small portions and washed with excess PhF.  The black 
solution was refluxed at 105⁰ for 15 h, cooled to rt. and poured into ice-cold dilute HCl 
(1:1) and stirred for 1 h to precipitate a yellow solid.  The solid was extracted with 
chloroform, washed once with 5% sodium bicarbonate, washed twice with distilled water 
and dried with MgSO4.  Chloroform was evaporated and the resulting yellow solid was 
recrystallized from toluene to yield 5,8-dioxo-5,8-dihydro-1,12-difluoroindeno[2,1-
c]fluorene 91 (0.480 g, 1.51 mmol, 44%): mp >370⁰; IR (NaCl, cm-1) 3032 (Ar CH), 
1716 (C=O), 1603 (Ar C=C), 
1
H NMR (300 MHz, CDCl3/TFA, δ) 7.37-7.43 (m, 2H, Ar 
CH), 7.48-7.54 (m, 2H, Ar CH), 7.70 (d, 2H, J = 7.2 Hz, Ar CH), 7.76 (s, 2H, Ar CH),
 
13
C NMR (75 MHz, CDCl3/TFA, ppm) 121.71 (Ar CH), 124.99 (t, J = 11.2 Hz, Ar CH), 
125.67 (Ar CH), 130.78 (Ar C), 132.42 (t, J = 3.7 Hz, Ar CH), 136.28 (Ar C), 136.70 (Ar 
C), 141.25 (Ar C), 158.00 (d, J = 256.5 Hz, Ar C-F), 194.80 (C=O).  Anal. Calcd. for 





 From 5-Hexyl-2,3-di(2-fluorophenyl)-1,4-benzenedicarboxylic Acid 86 in 
(Old/undistilled) SOCl2.  In a 5 mL round-bottomed flask, 5-hexyl-2,3-di(2-
fluorophenyl)-1,4-benzenedicarboxylic acid 86 (0.146 g, 0.33 mmol) was dissolved in 
(Old/undistilled) thionyl chloride (6.75 mmol, 20.23 equiv) and refluxed at 80⁰ for 4 h at 
which time a yellow solid formed and the solution appeared black in color.  The mixture 
was cooled and excess SOCl2 was removed by vacuum distillation.  The yellow solid was 
recrystallized from ethanol to yield 5,8-dioxo-5,8-dihydro-6-hexyl-1,12-
difluoroindeno[2,1-c]fluorene 92 (0.073 g, 0.18 mmol, 55%): mp 132-133.2⁰; IR (NaCl, 
cm
-1
) 2922 (Ali CH), 2858 (Ar CH), 1716 (C=O), 1606 (Ar C=C), 
1
H NMR (300 MHz, 
CDCl3, δ) 0.90 (t, 3H, J = 6.9 Hz, CH3), 1.32-1.45 (m, 6H, R(CH2)2(CH2)3CH3), 1.61-
1.71 (m, 2H, RCH2CH2(CH2)3CH3), 3.14 (t, 2H, J = 8.0 Hz, RCH2(CH2)4CH3), 7.29-7.32 
(m, 2H, Ar CH), 7.38-7.45 (m, 2H, Ar CH), 7.45 (s, 1H, Ar CH), 7.61 (d,d, J = 7.2 Hz, 
Ar CH), 
13
C NMR (75 MHz, CDCl3, δ) 14.21 (CH3), 22.96 (R(CH2)4CH2CH3), 29.56 
(R(CH2)2CH2(CH2)2CH3), 30.69 (RCH2CH2(CH2)3CH3), 31.34 (R(CH2)3CH2CH2CH3), 
32.03 (RCH2(CH2)4CH3), 120.54 (d, J = 24.7 Hz, Ar CH), 120.57 (d, J = 24.7 Hz), 
122.80 (d, J = 2.2 Hz, Ar CH), 123.07 (d, J = 2.2 Hz, Ar CH), 123.28 (d, J = 3.0 Hz, Ar 
CH), 123.54 (d, J = 3.0 Hz, Ar CH), 127.03 (Ar CH), 130.24 (d, J = 3.0 Hz, Ar C), 
130.41 (d, J = 2.2 Hz, Ar C), 131.35 (d, J = 3.7 Hz, Ar C), 131.52 (d, J = 3.7 Hz, Ar C), 
131.87 (d, J = 6.0 Hz, Ar CH), 132.12 (d, J = 6.0 Hz, Ar CH), 133.96 (Ar C), 136.98 (Ar 
C), 137.18 (Ar C), 137.82 (Ar C), 137.87 (Ar C), 138.00 (Ar C), 138.03 (Ar C), 140.43 
(Ar C), 146.52 (Ar C), 158.09 (d, J = 253.5 Hz, Ar C-F), 158.11 (d, J = 254.2 Hz, Ar C-
F), 191.02 (C=O), 191.06 (C=O), 191.77 (C=O), 191.80 (C=O), 
19




dec., CD2Cl2, δ) -108.97 (dd, J(F,F) = 116.5 Hz).  Anal. Calcd. for C26H20F2O2; C, 77.60; 
H, 5.01. Found: C, 77.40; H, 5.04. 
 From 5-Hexyl-2,3-di(2-fluorophenyl)terephthaloyl Dichloride 89 in 
Fluorobenzene.  In a 25 mL round-bottomed flask, 5-hexyl-2,3-di(2-
fluorophenyl)terephthaloyl dichloride 89 (0.931 g, 1.96 mmol) was dissolved in 3 mL 
fluorobenzene (PhF).  Using an addition funnel, AlCl3 (0.820 g, 6.14 mmol, 3.13 equiv) 
was added in small portions and washed with excess PhF.  The black solution was 
refluxed at 105⁰ for 15 h, cooled to rt. and poured into ice-cold dilute HCl (1:1) and 
stirred for 1 h to precipitate a yellow solid.  The solid was extracted with chloroform, 
washed once with 5% sodium bicarbonate, washed twice with distilled water and dried 
with MgSO4.  Chloroform was evaporated and the resulting yellow solid was 
recrystallized from ethanol to yield 5,8-dioxo-5,8-dihydro-6-hexyl-1,12-
difluoroindeno[2,1-c]fluorene 92 (0.576 g, 1.43 mmol, 73%): mp 130-131⁰; IR (NaCl, 
cm
-1
) 2927 (Ali CH), 2856 (Ar CH), 1713 (C=O), 1606 (Ar C=C), 
1
H NMR (300 MHz, 
CDCl3, δ) 0.80 (t, 3H, J = 6.9 Hz, CH3), 1.22-1.34 (m, 6H, R(CH2)2(CH2)3CH3), 1.48-
1.58 (m, 2H, RCH2CH2(CH2)3CH3), 2.99 (t, 2H, J = 8.0 Hz, RCH2(CH2)4CH3), 7.11-7.18 
(m, 2H, Ar CH), 7.24-7.32 (m, 2H, Ar CH), 7.39 (s, 1H, Ar CH), 7.47 (d,d, J = 7.2 Hz, 
Ar CH), 
13
C NMR (75 MHz, CDCl3, δ) 14.05 (CH3), 22.56 (R(CH2)4CH2CH3), 29.21 
(R(CH2)2CH2(CH2)2CH3), 30.34 (RCH2CH2(CH2)3CH3), 31.07 (R(CH2)3CH2CH2CH3), 
31.62 (RCH2(CH2)4CH3), 120.32 (d, J = 27.7 Hz, Ar CH), 120.35 (d, J = 22.7 Hz), 
122.53 (d, J = 2.2 Hz, Ar CH), 122.80 (d, J = 2.2 Hz, Ar CH), 123.01 (d, J = 3.0 Hz, Ar 
CH), 123.27 (d, J = 3.0 Hz, Ar CH), 126.81 (Ar CH), 129.93 (d, J = 2.2 Hz, Ar C), 
130.09 (d, J = 2.2 Hz, Ar C), 131.05 (d, J = 3.0 Hz, Ar C), 131.22 (d, J = 3.7 Hz, Ar C), 
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131.61 (d, J = 6.0 Hz, Ar CH), 131.61 (d, J = 6.0 Hz, Ar CH), 133.64 (Ar C), 136.60 (Ar 
C), 136.87 (Ar C), 137.40 (Ar C), 137.44 (Ar C), 137.55 (Ar C), 137.59 (Ar C), 140.06 
(Ar C), 146.21 (Ar C), 157.69 (d, J = 254.1 Hz, Ar C-F), 157.73 (d, J = 254.6 Hz, Ar C-
F), 190.88 (C=O), 190.91 (C=O), 191.58 (C=O), 191.61 (C=O).  Anal. Calcd. for 
C26H20F2O2; C, 77.60; H, 5.01. Found: C, 77.50; H, 4.29. 
5,8-Dioxo-5,8-dihydro-6-(2-(4-benzothiazolyl)phenyl)-1,12-difluoroindeno[2,1-
c]fluorene 93.   
 
In a 25 mL round-bottomed flask, 5-(2-(4-benzothiazolyl)phenyl)-2,3-di(2-
fluorophenyl)terephthaloyl dichloride 90 (0.706 g, 1.18 mmol) was dissolved in 6 mL 
fluorobenzene (PhF).  Using an addition funnel, AlCl3 (0.5125 g, 3.84 mmol, 3.25 equiv) 
was added in small portions and washed with excess PhF.  The black solution was 
refluxed at 105⁰ for 15 h, cooled to rt. and poured into ice-cold dilute HCl (1:1) and 
stirred for 1 h to precipitate a red solid.  The solid was extracted with chloroform, washed 
once with 5% sodium bicarbonate, washed twice with distilled water and dried with 
MgSO4.  Chloroform was evaporated and the resulting orange-red solid was 
recrystallized from toluene to yield 5,8-dioxo-5,8-dihydro-6-(2-(4-
benzothiazolyl)phenyl)-1,12-difluoroindeno[2,1-c]fluorene 93 (0.174 g, 0.33 mmol, 
28%): mp 335-338⁰; IR (NaCl, cm-1) 3051 (Ar CH), 1714 (C=O), 1H NMR (300 MHz, 
CDCl3/TFA, δ), 7.10-7.63 (m, 6H, Ar CH), 7.70 (s, 1H, Ar CH), 7.83-8.08 (m, 4H, Ar 
CH), 8.19-8.42 (m, 4H, Ar CH), 
13
C NMR (75 MHz, CDCl3/TFA, ppm) 117.52-117.77 
(m, Ar CH), 121.46 (Ar CH), 121.81 (Ar CH), 122.69 (Ar CH), 123.13 (Ar CH), 123.84 
(t, J = 4.1 Hz, Ar C), 125.31-125.01 (m, Ar CH), 126.99 (Ar CH), 127.74 (t, J = 3.4 Hz, 
Ar C), 128.14 (Ar CH), 129.43 (d, J = 5.2 Hz, Ar CH), 130.94 (Ar CH), 131.07 (Ar CH), 
132.80 (d, J = 6.7 Hz, Ar CH), 135.22 (Ar C), 135.94 (Ar C), 136.16 (d, J = 3.0 Hz, Ar 
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C), 136.34 (d, J = 3.0 Hz, Ar C), 136.55 (Ar C), 137.07 (Ar C),137.60 (Ar C), 138.10 (Ar 
C), 140.15 (Ar C), 140.39 (Ar C), 140.68 (Ar C), 140.94 (Ar C), 144.14 (Ar C), 145.03 
(Ar C), 146.10 (d, J = 6.7 Hz, Ar C), 148.72 (Ar C), 155.15 (Ar C), 156.47 (t, J = 4.5 Hz, 
Ar C---F through-space), 158.18 (d, J = 256.5 Hz, Ar C-F), 158.29 (d, J = 248.2 Hz, Ar 
C-F), 158.62 (Ar C), 172.42 (Ar C), 173.82 (Ar C), 191.83 (C=O), 193.42 (C=O), 194.07 
(C=O), 194.68 (C=O).  Anal. Calcd. for C33H15F2NO2S; C, 75.13; H, 2.87. Found: C, 
74.85; H, 3.04. 
1,4-Di(hydroxymethyl)-2,3-di(2-fluorophenyl)benzene 94.   
In a flame dried 100 mL 3-neck round-bottomed flask, a solution of diethyl 2,3-
di(2-fluorophenyl)terephthalate 76 (2.023 g, 4.93 mmol) in 19 mL anhydrous THF was 
added dropwise to a suspension of LiAlH4 (0.845 g, 22.2 mmol) in 37 mL anhydrous 
THF at 0⁰ under a N2 atmosphere.  The solution was stirred at rt. for 1 h, followed by 
reflux for 18 h.  The solution was then cooled in an ice bath with the dropwise addition of 
1 mL H2O, 2.5 mL 15% (w/v) NaOH, and 2.5 mL H2O and stirred for 1 h.  THF was 
evaporated and 10% (v/v) H2SO4 was added, stirred for 12 h and the mixture was filtered.  
The off-white solid was recrystallized from aqueous isopropyl alcohol to yield 1,4-
di(hydroxymethyl)-2,3-di(2-fluorphenyl)benzene 94 as a white solid(1.228 g, 3.70 mmol, 
76%): mp 192.3-193.5⁰. IR (NaCl, cm-1) 3000-3500 (broad, OH), 2922 (Ar CH), 2889 
(Ali CH), 
1
H NMR (300 MHz, CDCl3, δ) 4.41-4.54 (m, 4H, RCH2OH), 6.89-7.71 (m, 
8H, Ar CH), 7.70 and 7.71 (s,s, 2H, Ar CH), 
13
C NMR (75 MHz, Acetone-d6, ppm) 62.41 
(RCH2OH), 62.53 (RCH2OH), 115.49-115.94 (six line pattern, Ar CH), 115.51 (d, J = 
21.7 Hz, Ar CH), 124.10 (t, J = 1.8 Hz, Ar CH), 124.53 (d, J = 3.7 Hz, Ar CH), 127.25 
(Ar CH), 127.30 (Ar CH), 127.53 (Ar C), 129.99 (t, J = 4.1 Hz, Ar CH), 130.24 (d, J = 
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7.5 Hz, Ar CH), 132.05 (d, J = 3.7 Hz, Ar CH), 133.50 (t, J = 1.5 Hz, Ar CH), 134.25 (Ar 
C), 134.33 (Ar C), 140.24 (Ar C), 140.27 (Ar C), 160.20 (d, J = 241.5 Hz, Ar C-F), 
160.54 (d, J = 243.7 Hz, Ar C-F), 
19
F NMR (376 MHz, 
1
H dec., Acetone-d6, δ) -114.64 
(s), -114.85 (s), GC/MS (m/z) 326.00 (100%), 327.00 (24.5%), 327.90 (1.4%).  Anal. 
Calcd. for C20H16F2O2; C, 73.61; H, 4.94. Found: C, 73.72; H, 5.10. 
5-Hexyl-1,4-di(hydroxymethyl)-2,3-di(2-fluorophenyl)benzene 95.   
The same procedure described for preparation of 94 was used starting with diethyl 
5-hexyl-2,3-di(2-fluorophenyl)terephthalate 77.  The product was recrystallized from 
aqueous ethanol to yield 5-hexyl-1,4-di(hydroxymethyl)-2,3-di(2-fluorophenyl)benzene 
95 as a white solid (71%): mp 130.2-132⁰. IR (NaCl, cm-1) 3500-3000 (broad, OH), 2926 
(Ar CH), 2856 (Ali CH), 
1
H NMR (300 MHz, CDCl3, δ) 0.93 (t, 3H, J =6.9 Hz, CH3), 
1.36-1.50 (m, 6H, R(CH2)2(CH2)3CH3), 1.71-1.81 (m, 2H, RCH2CH2(CH2)3CH3), 2.88-
2.95 (m, 2H, RCH2(CH2)4CH3), 4.38-4.53 (m, 4H, CH2OH), 6.88-7.13 (m, 8H, Ar CH), 
7.55 and 7.57 (s,s, 1H, Ar CH), 
13
C NMR (75 MHz, CDCl3, ppm) 14.08 (CH3), 22.64 
(R(CH2)4CH2CH3), 29.65 (R(CH2)2CH2(CH2)2CH3), 31.76 (RCH2(CH2)4CH3), 31.87 
(RCH2CH2(CH2)3CH3), 33.07 (R(CH2)3CH2CH2CH3), 60.06 (RCH2OH), 60.10 
(RCH2OH), 63.35 (RCH2OH), 63.39 (RCH2OH), 114.78 (d, J = 22.5 Hz, Ar CH), 
114.83 (d, J = 22.5 Hz, Ar CH), 115.18 (d, J = 21.5 Hz, Ar CH), 115.21 (d, J = 21.7 Hz, 
Ar CH), 123.16 (t, J = 3.7 Hz, Ar CH), 123.73 (t, J = 2.9 Hz, Ar CH), 125.96 (d, J = 17.2 
Hz, Ar C), 126.44 (d, J = 18.0 Hz, Ar C), 126.73 (d, J = 16.5 Hz, Ar C), 126.75 (Ar C), 
127.21 (d, J =17.2 Hz, Ar C), 127.80 (Ar C), 127.91 (Ar C), 128.19 (Ar C), 128.86 (Ar 
CH), 129.05-129.36 (m, Ar CH), 131.15 (d, J = 3.0 Hz, Ar CH), 131.31 (d, J = 3.0 Hz, Ar 
CH), 132.21 (Ar CH), 132.31 (d, J = 3.7 Hz, Ar CH), 132.51 (d, J = 3.7 Hz, Ar CH), 
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136.20 (Ar C), 136.47 (Ar C), 136.54 (Ar C), 139.31 (Ar C), 143.16 (Ar C), 143.30 (Ar 
C), 159.33 (d, J = 241.7 Hz, Ar C-F), 159.45 (d, J = 240.6 Hz, Ar C-F), 159.69 (d, J = 
243.0 Hz, Ar C-F), 159.80 (d, J = 243.1 Hz, Ar C-F), 
19
F NMR (376 MHz, 
1
H dec., 
CDCl3, δ) -114.14 (s), -114.36 (s), -114.45 (d, J(F,F) = 12.8 Hz), -114.57 (d, J(F,F) = 
12.2 Hz), GC/MS (m/z) 410.00 (100%), 411.10 (58.1%).  Anal. Calcd. for C26H27F2O2; 
C, 76.07; H, 6.88. Found: C, 76.17; H, 6.82. 
5-(2-(4-Benzothiazolyl)phenyl)-1,4-di(hydroxymethyl)-2,3-di(2-
fluorophenyl)benzene 96.   
 
The same procedure described for preparation of 94 was used starting with diethyl 
5-(2-(4-benzothiazolyl)phenyl)-2,3-di(2-fluorophenyl)terephthalate 84. The product was 
recrystallized from aqueous ethanol to yield 5-(2-(4-benzothiazolyl)phenyl)-1,4-
di(hydroxymethyl)-2,3-di(2-fluorophenyl)benzene 96 as a yellow solid (80%): 1
st
mp 125-
126⁰C; 2ndmp 152-156⁰; IR (NaCl, cm-1) 3600-3000 (broad, OH), 3059 (Ar CH), 2922 
(Ali CH), 
1
H NMR (300 MHz, CDCl3, δ) 1.73 (broad, 2H, OH), 4.25-4.55 (m, 4H, 
RCH2OH), 6.78-7.22 (m, 9H, Ar CH), 7.61-8.23 (m, 8H, Ar CH), 
13
C NMR (75 MHz, 
CDCl3, ppm), 60.44 (RCH2OH), 62.94 (RCH2OH), 63.00 (RCH2OH), 114.93 (d, J = 
22.5 Hz, Ar CH), 114.97 (d, J = 22.5 Hz, Ar CH), 115.27 (d, J = 23.5 Hz, Ar CH), 115.32 
(d, J = 23.5 Hz, Ar CH), 121.68 (Ar CH), 122.68 (Ar CH), 123.16-123.30 (m, Ar CH), 
123.82 (d, J = 3 Hz, Ar CH), 125.34 (Ar CH), 126.84 (Ar CH), 127.47 (Ar CH), 128.07 
(Ar CH), 129.16-130.11 (m, Ar CH), 130.34-132.06 (m, Ar CH), 130.95 (Ar CH), 131.38 
(Ar CH), 133.86-143.42 (m, Ar C), 134.95 (Ar C), 135.65-135.79 (m, Ar C), 137.37 (Ar 
C), 137.42 (Ar C), 137.83 (Ar C), 139.39 (Ar C), 139.42 (Ar C), 142.39 (Ar C), 142.53 
(Ar C), 142.87 (Ar C), 143.00 (Ar C), 143.60 (Ar C), 143.71 (Ar C), 148.79 (Ar C), 
153.89 (Ar C), 159.15 (d, J = 242.2 Hz, Ar C-F), 159.38 (d, J = 241.5 Hz, Ar C-F), 
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159.65 (d, J = 243.7 Hz, Ar C-F), 159.68 (d, J = 242.2 Hz, Ar C-F), 167.95 (Ar C), 
19
F 
NMR (376 MHz, 
1
H dec., CDCl3, δ) -113.45 (s), -113.49 (s), -113.91 (d, J(F,F) =12.6 
Hz), -113.98 (d, J(F,F) = 13.2 Hz) -114.11 (s), -114.58 (d, J(F,F) =13.7 Hz), -114.60 (d, 
J(F,F) = 12.9 Hz).  Anal. Calcd. for C33H32F2NO2S; C, 74.00; H, 4.33. Found: C, 73.96; 
H, 4.71. 
1,4-Di(chloromethyl)-2,3-di(2-fluorophenyl)benzene 97.   
In a 25 mL round-bottomed flask, 1,4-di(hydroxymethyl)-2,3-di(2-
fluorophenyl)benzene 94 (2.466 g, 7.50 mmol) was dissolved in SOCl2 (112.52 mmol, 15 
equiv) and stirred at rt. for 1 h, followed by reflux for 24 h.  The black solution was 
added dropwise to 400 mL H2O to precipitate a white solid and the mixture was stirred 
for 2 h.  The white solid was extracted with 200 mL CHCl3 and washed 2x (200 mL) 5% 
(w/v) sodium bicarbonate and 1x (200 mL) H2O.  The CHCl3 layer was dried with 
anhydrous MgSO4 and CHCl3 was removed to yield a brownish solid.  The brownish 
solid was purified by column chromatography (silica, hexane) to yield a white solid of 
1,4-di(chloromethyl)-2,3-di(2-fluorophenyl)benzene 97 (1.931 g, 5.33 mmol, 71%): mp 
101.3-102.2⁰; IR (NaCl, cm-1) 2920 (Ar CH), 2850 (Ali CH), 1616 (Ar C=C), 1H NMR 
(300 MHz, CDCl3, δ) 4.21-4.40 (d,d,d,d, 4H, J = 11.7 Hz, CH2Cl), 6.76-7.07 (m, 8H, Ar 
CH), 7.57 and 7.58 (s,s, 2H, Ar CH), 
13
C NMR (75 MHz, CDCl3, ppm) 44.05 (CH2Cl), 
44.19 (CH2Cl), 114.91 (d, J =21.7 Hz, Ar CH), 115.06-115.53 (six line pattern, Ar CH), 
123.29 (t, J = 1.8 Hz, Ar CH), 123.66 (d, J = 3.7 Hz, Ar CH), 124.81-125.14 (six line 
pattern Ar C), 125.33 (d, J =17.2 Hz, Ar C), 129.70 (t, J =3.7 Hz, Ar CH), 129.88 (d, J = 
7.5 Hz, Ar CH), 129.97 (Ar CH), 130.07 (Ar CH), 131.25 (t, J = 1.5 Hz, Ar CH), 132.33 
(Ar CH), 136.15 (Ar C), 136.29 (Ar C), 136.68 (Ar C), 136.81 (Ar C), 157.08 (d, J = 
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243.7 Hz, Ar C-F), 159.51 (d, J = 245.2 Hz, Ar C-F), 
19
F NMR (376 MHz, 
1
H dec., 
CDCl3, δ) -112.57 (s), -113.47 (s), GC/MS (m/z) 361.90 (m), 363.90 (m+2), 365.90 
(m+4).  Anal. Calcd. for C20H14Cl2F2; C, 66.13; H, 3.88. Found: C, 66.14; H, 3.94. 
5-Hexyl-1,4-di(chloromethyl)-2,3-di(2-fluorophenyl)benzene 98.   
The same procedure described for preparation of 97 was used with 5-hexyl-1,4-
di(hydroxymethyl)-2,3-di(2-fluorphenyl)benzene 95.  The product yield 95% as an 
orange oil of 5-hexyl-1,4-di(chloromethyl)-2,3-di(2-fluorophenyl)benzene 98: IR (NaCl, 
cm
-1
) 2926 (Ar CH), 2856 (Ali CH), 1616 (Ar C=C), 
1
H NMR (300 MHz, CDCl3, δ) 0.96 
(t, 3H, J =6.9 Hz, CH3), 1.39-1.55 (m, 6H, R(CH2)2(CH2)3CH3), 1.75-1.82 (m, 2H, 
RCH2CH2(CH2)3CH3), 2.86-2.92 (m, 2H, RCH2(CH2)4CH3), 4.38-4.53 (m, 4H, CH2Cl), 
6.83-7.24 (m, 8H, Ar CH), 7.53 and 7.55 (s,s, 1H, Ar CH), 
13
C NMR (75 MHz, CDCl3, 
ppm) 14.07 (CH3), 22.63 (R(CH2)4CH2CH3), 29.57 (R(CH2)2CH2(CH2)2CH3), 31.07 
(RCH2(CH2)4CH3), 31.09 (RCH2(CH2)4CH3), 31.71 (RCH2CH2(CH2)3CH3), 32.71 
(R(CH2)3CH2CH2CH3), 41.13 (RCH2Cl), 41.35 (RCH2Cl), 44.20 (RCH2Cl), 44.32 
(RCH2Cl), 114.77 (d, J = 21.7 Hz, Ar CH), 114.84 (d, J = 22.5 Hz, Ar CH), 115.17 (d, J 
= 21.7 Hz, Ar CH), 123.14 (d, J = 3.7 Hz, Ar CH), 123.21 (d, J = 3.7 Hz, Ar CH), 123.49 
(d, J = 4.5 Hz, Ar CH), 123.54 (d, J = 3.7 Hz, Ar CH), 125.20 (d, J = 17.2 Hz, Ar C), 
125.59 (d, J = 17.2 Hz, Ar C), 125.83 (d, J = 18.0 Hz, Ar C), 126.15 (d, J = 17.2 Hz, Ar 
C), 129.45 (d, J = 8.2 Hz, Ar CH), 129.54 (d, J = 7.5 Hz, Ar CH), 129.70 (d, J = 8.2 Hz, 
Ar CH), 130.76 (Ar CH), 130.78 (Ar CH), 131.36-131.49 (m, Ar CH), 132.54 (d, J = 2.2 
Hz, Ar CH), 132.57 (d, J = 2.2 Hz, Ar CH), 133.76 (Ar C), 133.88 (Ar C), 134.36 (Ar C), 
134.48 (Ar C), 136.53 (Ar C), 136.71 (Ar C), 137.37 (Ar C), 137.53 (Ar C), 143.16 (Ar 
C), 143.24 (Ar C), 159.04 (d, J = 243.1 Hz, Ar C-F), 159.10 (d, J = 242.3 Hz, Ar C-F), 
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159.42 (d, J = 244.1 Hz, Ar C-F), 159.63 (d, J = 243.7 Hz, Ar C-F), 
19
F NMR (376 MHz, 
1
H dec., CDCl3, δ) -112.97 (s), -113.28 (s),        -113.94 (d, J(F,F) = 14.7 Hz), -114.50 (d, 
J(F,F) = 14.1 Hz), GC/MS (m/z) 446 (m), 448 (m+2), 450 (m+4).  Anal. Calcd. for 
C26H26Cl2F2; C, 69.90; H, 5.86. Found: C, 69.92; H, 5.90. 
5-(2-(4-Benzothiazolyl)phenyl)-1,4-di(chloromethyl)-2,3-di(2-fluorophenyl)benzene 
99.   
 
The same procedure described for preparation of 97 was used with 5-(2-(4-
benzothiazolyl)phenyl)-1,4-di(hydroxymethyl)-2,3-di(2-fluorophenyl)benzene 96.  The 
brownish solid was purified by column chromatography (silica, chloroform) to yield a 
mixture of 5-(2-(4-benzothiazolyl)phenyl)-1,4-di(chloromethyl)-2,3-di(2-
fluorophenyl)benzene 99 and 5-(2-(4-benzothiazolyl)phenyl)-1-chloromethyl-2,3-di(2-
fluorophenyl)-4-benzaldehyde 100 as a light tan solid (59%): IR (NaCl, cm
-1
) 99: 3061 
(Ar CH), 2962 (Ali CH), 100: 1703 (RCH=O), 
1
H NMR (300 MHz, CDCl3, δ) 99: 4.17-
4.69 (m, 4H, CH2Cl), 6.88-7.10 (m, 8H, Ar CH), 7.42-7.65 (m, 3H, Ar CH), 7.75-7.81 
(m, 2H, Ar CH), 7.93-8.05 (m, 2H, Ar CH), 8.15-8.28 (m, 2H, Ar CH), 100: 10.13 (s, 
1H, RCH=O), 
13
C NMR (75 MHz, CDCl3, ppm) 99: 41.98 (CH2Cl), 42.13 (CH2Cl), 
43.89(CH2Cl), 44.01(CH2Cl), 114.76-115.49 (m, Ar CH), 121.72 (Ar CH), 123.21 (Ar 
CH), 123.42-123.76 (m, Ar CH), 124.04 (Ar CH), 124.68-125.65 (m, Ar C), 125.53 (Ar 
CH), 127.29 (Ar CH), 127.57 (Ar CH), 129.72-129.98 (m, Ar CH), 130.10 (Ar CH), 
131.11-131.48 (Ar CH), 132.39 (Ar C), 132.77 (Ar C), 136.83 (Ar C), 136.91 (Ar C), 
137.01 (Ar C), 137.08 (Ar C), 138.26 (Ar C), 142.31 (Ar C), 142.35 (Ar C), 142.63 (Ar 
C), 142.87 (Ar C), 143.60 (Ar C), 152.70 (Ar C), 159.01 (d, J = 243.7 Hz, Ar C-F), 
159.07 (d, J = 243.0 Hz, Ar C-F), 159.38 (d, J = 246 Hz, Ar C-F), 159.53 (d, J = 243.7 
Hz, Ar C), 100: 41.80 (CH2Cl), 43.80 (CH2Cl), 121.32 (Ar CH), 123.16 (Ar CH), 124.69 
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(Ar CH), 125.65 (Ar CH), 126.62 (Ar CH), 127.68 (Ar CH), 132.35 (Ar C), 134.05 (Ar 
C), 134.36 (Ar C), 141.58 (Ar C), 142.35 (Ar C), 142.67 (Ar C), 142.74 (Ar C), 146.01 
(Ar C), 153.58 (Ar C), 167.68 (Ar C), 191.78 (RCH=O), 
19
F NMR (376 MHz, 
1
H dec., 
CDCl3, δ) -112.72, -112.77, -112.83, -113.21, -113.24, -113.29, -113.94, -113.97, -
114.01, -114.32, -114.36, -114.40.  Anal. Calcd. for C33H21Cl2F2NS; C, 69.23; H, 3.70. 
Found: C, 66.23; H, 3.73. 
Polymerization of BFP6-PPV and BFP-PPV.   
To a stirred solution of di(chloromethyl) monomer 97-98 and 4-t-butylbenzyl 
chloride in 10 mL anhydrous THF was added 3 mL t-BuOK (1.0 M in THF) at 0⁰C.  The 
resulting solution was stirred for 24 h at rt. before it was poured into 100 mL of 
methanol.  The yellowish solid was collected and air dried to yield the PPVs.  Molar 
amounts, yields, molecular weight and molecular weight distribution are reported in 
Table 42. 
Polymerization of BFP6:BFP-PPV Copolymers.   
To a stirred solution of di(chloromethyl) monomers 97 and 98 in various ratios in 
10 mL anhydrous THF was added 3 mL t-BuOK (1.0 M in THF) at 0⁰C.  The resulting 
solution was stirred for 24 h at rt. before it was poured into 100 mL of methanol.  The 
yellowish solid was collected and air dried to yield the copolymers.  Molar amounts, 









RESULTS AND DISCUSSION 
2,5-Di(ethoxycarbonyl)-3,4-di(2-fluorophenyl)cyclopentadienone. 
 The synthetic route towards 2,5-dicarboethoxy-3,4-di(2-fluorophenyl)-
cyclopentadienone 74 began with the synthesis of the precursor 2,2‟-difluorobenzil 73.  
This was accomplished first by a benzoin condensation reaction of 2-fluorobenzaldehyde 
71 with thiamine hydrochloride as a catalyst to yield 2,2‟-difluorobenzoin 72 via a 
published procedure.
24
   
 
 
       71               72 
 
The benzoin condensation involves a five step mechanism shown in Scheme 2.  
Step 1 involves generation of a thiamine ylide by abstraction of a proton from the 
thiazole of the thiamine by sodium hydroxide.  In step 2, the ylide acts as a nucleophile 
and attacks the carbonyl of 2-fluorobenzaldehyde 71 to form a carbon-carbon bond.  A 
proton transfer then occurs between the oxygen and adjacent carbon in step 3 to form a 
stable carbanion.  The carbanion attacks the carbonyl of another 2-fluorobenzaldehyde 71 
in step 4.  Step 5 involves a proton transfer, formation of a carbonyl and separation of 
thiamine to yield 2,2‟-difluorobenzoin 72. 
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Scheme 2.  Benzoin condensation five step mechanism. 
The oxidation of 2,2‟-difluorobenzoin 72 with aqueous 48% HBr and DMSO 




        72                    73  
The condensation reaction between 2,2‟-difluorobenzil 72 and diethyl 1,3-
acetonedicarboxylate 24 produced 2,5-di(ethoxycarbonyl)-3,4-di(2-fluorophenyl) 
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C NMR and 
19
F NMR.   
 
  73                 24                  74 
The IR spectrum (Figure 115) of 74 shows the presence of an ester carbonyl 
absorption at 1745 cm
-1
 and a ketone carbonyl absorption at 1720 cm
-1
.  In the
1
H NMR 
spectrum (Figure 116), the aliphatic methyl (-ROCH2CH3) proton absorption (6H) 
appears as a triplet at 1.17 δ and the aliphatic methylene (ROCH2CH3) proton absorption 
(4H) appears as a quartet at 4.21 δ.  The aromatic proton absorption appears as two 
multipets, one between 6.96-7.08 δ (6H) and another between 7.31-7.39 δ (2H).   
The 
13
C NMR spectrum (Figure 117) of 74 shows the aliphatic methyl carbon 
absorption at 13.84 ppm and the aliphatic methylene carbon absorption at 61.17 ppm.   
Predicted and observed 
13
C NMR values are shown in Figure 5.  The quaternary carbon 
absorption of the phenyl ring bonded to the 5-member cyclopentadienone appears at 
119.5 ppm as a doublet (J = 15 Hz) due to 
2
J fluorine coupling.  The aromatic CH ortho 
to the quaternary carbon absorption appears at 129.77 ppm.  The aromatic CH ortho to C-
F absorption appears as a doublet (
2
J = 21.6 Hz) at 115.48 ppm, the aromatic CH meta to 
C-F absorption appears as a doublet (
3
J = 8.6 Hz) at 132.03 ppm and the aromatic CH 
para to C-F absorption appears as a doublet (
4
J = 3.6 Hz) at 123.46 ppm.   
The ketone carbonyl absorption is observed at 189.98 ppm but no absorption was 
observed for the ester carbonyl despite the absorption observed at 1745 cm
-1
 in the IR 
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spectrum (Figure 115).  The absorption of the quaternary carbon of the 
cyclopentadienone bonded to the ester carbonyl appears at 120.41 ppm but the quaternary 
carbon absorption of the cyclopentadienone carbon bonded to the phenyl ring is not 
observed.   
 
Figure 5.  Predicted and observed 
13
C NMR values for 74. 
The occurrence of two C-F doublets is due to cis and trans diastereomers of 74 
that is shown in the molecular models in Figure 7.  The occurrence of the diastereomers 
is due to the restricted rotation of the phenyl rings caused by the fluorine in the ortho-
position.  
There are two absorption doublets that appear for the quaternary carbon C-F 
coupling where one doublet occurs at 159.08 ppm (
1
J = 254.9 Hz) and another doublet 
occurs at 159.6 ppm (
1
J = 223.4 Hz) (Figure 6). 




F NMR spectrum (Figure 118) confirms the 
presence of the isomers in that two absorptions are observed at -109.40 δ and -111.57 δ as 
shown in the expanded spectrum in Figure 8. The ratio of the two isomers is 25:1.  The 
large amount of one isomer over the other may be due to the fact that the bond angle 
(121.85⁰ shown in Figure 9) between the phenyl ring and the cyclopentadienone ring is 
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not large enough to restrict rotation to any significant degree.  It is proposed that the 
dominant isomer is the trans-isomer.  A summary of physical and spectral properties for 
74 can be found in Table 1. 
 
Figure 6.  Expanded 75 MHz 
13




Figure 7.  Molecular models of 74 in the cis (left) and trans (right) configurations.   
C-F Coupling  
 58 
 




H dec.) NMR spectrum (CDCl3) of 74. 
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1.17 (t, 6H, J=7.1 
Hz, ROCH2CH3),  
4.21 (q, 4H, J=7.1 
Hz, ROCH2CH3), 
6.96-7.08 (m, 6H, 
Ar CH), 7.31-











 -111.57 (s) 
 
Crystal structure data of 74 are summarized in Table 2 where the data show that 
the unit cell lattice is monoclinic with a P21/n space group and a block morphology.  The 
unit cell dimensions are a = 12.1070 Å, b = 8.8760 Å, c = 18.3843 Å, α = 90⁰, β = 
96.77⁰, and γ = 90⁰.  The number of formula units per cell is 4.  The crystal structure of 
Ratio 25:1 (trans:cis) 
 59 
74 is shown in Figure 9 where disorder is observed with a 2,6-difluoro substitution on 
the phenyl ring at (C36) and (C32) due to the presence of cis and trans isomers.  This 
disorder is highlighted with the red arrows in Figure 9. 
 
Table 2.  Summary of Crystal Data for compound 74. 
Formula C23H18O5F2 
Lattice, Space Group Monoclinic, P21/n 
Unit Cell Demensions a = 12.1070 Å, b = 8.8760 Å, c = 18.3843 Å 
Unit Cell Angles α = 90⁰, β = 96.7712⁰, γ = 90⁰ 
Formula Units Per Cell (Z) Z = 4 
Morphology, Color Block, yellow 
Radiation Mo Kα radiation, λ = 0.71073 Å 





Figure 9.  Crystal structure of 74. 
F(32) and F(36) Disorder 
121.85⁰ 
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Diethyl 2,3-Di(2-fluorophenyl)terephthalate and Derivatives. 
 En route to diethyl 2,3-di(2-fluorophenyl)terephthalate 76, 2,5-
di(ethoxycarbonyl)-3,4-di(2-fluorophenyl)cyclopentadienone 74 undergoes a Diels-Alder 
reaction with norbornadiene 26 at room temperature to yield the bridged intermediate 75 










                      74      75 
 
  The IR spectrum (Figure 119) of the bridged intermediate 75 shows an ester 
carbonyl absorption at 1794 cm
-1
, a ketone carbonyl absorption at 1730 cm
-1
 and aromatic 
C=C stretch at 1628 cm
-1
.   
In the 
1
H NMR spectrum (Figure 120) of 75, the aliphatic methyl (-ROCH2CH3)  
proton absorption (6H) appears as a triplet at 0.99 δ and the aliphatic methylene (-
ROCH2CH3) proton absorption (4H) appears as a multiplet between 4.00-4.16 δ.  
Observed and predicted 
1
H NMR values are shown in Figure 11.  Figure 10 shows an 
expanded region of the 
1
H NMR spectrum of 75.  One of the methylene bridge proton 
absorptions (1H) appears as a doublet at 1.34 δ and the other proton absorption (1H) 
appears as a doublet at 2.48 δ.  The alkene proton absorption (2H) appears as a singlet at 
 61 
6.41 δ and the aromatic proton absorption (8H) appears as a multiplet between 6.98-7.30 
δ.  The fusion proton absorption (2H) appears at 2.86 δ as a singlet.  
 
Figure 10.  Expanded 300 MHz 
1
H NMR spectrum (CDCl3) of 75. 
 
 
Figure 11.  Predicted and observed 
1
H NMR values for 75. 
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The allylic bridgehead proton absorption (2H) appears as a doublet at 3.34 δ (J = 
1.2 Hz) due to small through-space contact of the fluorine (F2) with the hydrogen (H10) 
seen in the crystal structure of 75 in Figure 12. 
 
Figure 12.  Crystal structure of 75 showing intramolecular short-contacts 
between F---C and F---H highlighted in red dash-lines. 
 
 Through-space contact of fluorine (F1) with carbon (C46) is shown in Figure 12 
and in the expanded 
13
C NMR spectrum (Figure 13) where a triplet (J = 2.3 Hz) 
absorption at 129.57 ppm occurs for the aromatic CH (C46) due to 1) through-space 
contact and 2) through bond contact with the fluorine (F2) on the phenyl ring.   A doublet 
absorption (J = 5.3 Hz) at 44.91 ppm for the allylic bridgehead carbon occurs due to 
through-space contact between the fluorine (F2) and carbon (C10) seen in Figure 12. 
Predicted and observed 
13
C NMR values for 75 are shown in Figure 14.  In the 
13
C NMR 
spectrum (Figure 121) of 7, the aliphatic methyl carbon (-ROCH2CH3) absorption 
appears at 13.63 ppm and the aliphatic methylene carbon (-ROCH2CH3) absorption 
 63 
appears at 61.15 ppm.  The methylene bridge carbon absorption appears at 41.07 ppm, 
the fusion carbon absorption appears at 44.42 ppm and the bridgehead quaternary carbon 
(O=CCCO2Et, between the two carbonyls) absorption is observed at 67.98 ppm.  The 
quaternary alkene carbons (Ph-C=C-Ph) absorption appears at 133.82 ppm, the alkene 
carbon (CH=CH) absorption appears at 141.38 ppm, the ketone carbonyl absorption 
appears at 185.33 ppm and the ester carbonyl absorption appears at 167.12 ppm. 
 
Figure 13.  Expanded 75 MHz 
13
C NMR spectrum (CDCl3) of 75. 
On the fluorinated phenyl ring, a doublet (J = 15 Hz) absorption appears at 122.16 
ppm for the quaternary aromatic carbon ortho to C-F, a doublet (J = 22.0 Hz) absorption 
appears at 115.50 ppm for the aromatic CH ortho to C-F, a doublet (J = 1.3 Hz) 
absorption appears at 123.94 ppm for the aromatic CH para to C-F and a doublet (J = 9.0 
 64 
Hz) absorption appears at 130.14 ppm for the aromatic CH meta to C-F.  Since only one 
doublet is observed for the C-F absorption at 160.12 ppm (J = 247.5 Hz), the barrier to 
rotation appears to be low enough at room temperature so that no diastereomers exist.  
The obtuse angle of 127.88⁰ between C31-C3-C4 seen in Figure 12 must be large 
enough to allow the two phenyl rings to freely rotate compared to the angle (121.85⁰) 
observed for the cyclopentadienone 74 in Figure 9. 
 
Figure 14.  Predicted and observed 
13
C NMR values for 75. 
 










H dec.) NMR spectrum (Figure 122) shows only one absorption at -
109.56 δ that confirms that only one confirmation exists at room temperature for the 
bridge intermediate 75 shown in the expanded spectrum in Figure 15.  A summary of 
physical and spectral properties for 75 can be found in Table 3. 


















































0.99 (t, 6H, J=7.1 Hz, 
ROCH2CH3), 1.34 (d, 1H, 
J=9.5 Hz, methylene 
bridge CH), 2.48 (d, 1H, 
J=9.5Hz, methylene 
bridge CH), 2.86 (s, 2H, 
center-bridge CH), 3.34 
(d, 2H, J=1.2 Hz, allylic 
bridgehead CH), 4.00-
4.16 (m, 4H, 
ROCH2CH3), 6.41 (s, 2H, 
alkene CH), 6.98-7.30 (m, 









167.12, 185.33  
 
-109.57 (s), 
 -11.57 (s) 
 
Crystal structure data of 75 are summarized in Table 4 where the data show that 
the unit cell lattice is triclinic with a P-1 space group and a block morphology.  The unit 
cell dimensions are a = 7.7710 Å, b = 8.8594 Å, c = 18.4467 Å, α = 93.92⁰, β = 99.29⁰, 
and γ = 104.76⁰.  The number of formula units per cell is 2.  The crystal packing is shown 
in Figure 16.  The crystal structure of 75 is shown in Figure 17 where no disorder is 
observed confirming only one isomer exists at room temperature. 
Table 4.  Summary of Crystal Data for compound 75. 
Formula C30H24F2O5 
Lattice, Space Group Triclinic, P-1 
Unit Cell Demensions a = 7.7710 Å, b = 8.8594, Å, c = 18.4467 Å 
Unit Cell Angles α = 93.9230⁰, β = 99.2910⁰, γ = 104.7640⁰ 
Formula Units Per Cell (Z) Z = 2 
Morphology, Color Block, coulourless 
Radiation Mo Kα radiation, λ = 0.71073 Å 




Figure 16.  Crystal packing of 75. 
 




                75                   76 
To obtain diethyl 2,3-di(2-fluorophenyl)terephthalate 76, the bridged intermediate 
75 was heated slightly above the melting point with the release of carbon monoxide and 
cyclopentadiene to yield the terephthalate 76 in quantitative yield.  This synthetic 
pathway to 76 occurred with an overall higher yield (85%) versus the traditional method 
of reacting the cyclopentadienone 74 with norbornadiene 26 at reflux to obtain 76 in 60% 






F NMR and GC/MS. 
 
        74                      76 
The IR spectrum (Figure 123) of the terephthalate 76 shows the aromatic CH 
stretch at 3061 cm
-1
, the aliphatic CH stretch at 2991 cm
-1
, ester carbonyl absorption at 
1716 cm
-1





H NMR spectrum (Figure 124) of 76, the aliphatic methyl (-ROCH2CH3)  
proton absorption (6H) appears as two triplets at 1.01 (J = 7.1 Hz) and 1.00 δ (J = 7.1 
Hz), seen in Figure 18, which may be due to the orientation of the two methyl groups in 
 68 
space.  The aliphatic methylene (ROCH2CH3) proton absorption (4H) appears as a 
quartet at 4.00 δ (J = 7.1 Hz) and the aromatic proton absorption (4H) for the fluorinated 
phenyl rings appears as a multipet between 7.10-6.66 δ.  Two singlets are observed at 
7.94 and 7.97 δ corresponding to the aromatic proton absorption (2H) for the center 
benzene ring (Figure 18).  The singlets are observed due to the occurrence of cis and 
trans isomers.  When each absorption is integrated separately, the ratio of the two 
isomers is obtained (2:1). 
 
Figure 18.  Expanded 300 MHz 
1
H NMR spectrum (CDCl3) of 76. 
In the 
13
C NMR spectrum (Figure 125) of 76, the aliphatic methyl absorption 
appears at 13.60 δ and the aliphatic methylene absorption appears at 61.22 ppm.  Due to 
presence of diastereomers, two C-F coupling doublet absorptions are observed, one for 




Hz) shown in Figure 19.  Two ester carbonyl absorptions are also observed at 166.93 
ppm (cis) and 166.65 ppm (trans). 
 
Figure 19.  Expanded C-F region 75 MHz 
13
C NMR spectrum (CDCl3) of 76. 
 Unique through-space C-F coupling is observed (Figure 20) for the aromatic 
carbon ortho to C-F in the cis isomer.  At 114.21 ppm, an ortho carbon-fluorine coupling 
is observed as a doublet (J = 22.0 Hz) absorption corresponding to the trans-isomer.  
What appears to be two triplets for the cis-isomer is actually a six line pattern (114.51, 
114.58, 114.66, 114.79, 114.87 and 114.94 δ) as referred to earlier in the Historical.
13
  
This six line pattern is due to coupling occurring to the fluorine on the same phenyl ring 
and by through-space coupling to the fluorine on the adjacent phenyl ring which is only 
possible with the cis-isomer. 
C-F  J = 246.9 Hz 






Figure 20.  Expanded aromatic ortho-carbon region 75 
MHz 
13
C NMR spectrum (CDCl3) of 76. 
 
 The aromatic quaternary carbon ortho to C-F shows through-space coupling as 
well (Figure 21).  A doublet absorption is observed at 126.82 ppm (J = 17.3 Hz) 
corresponding to the trans isomer.  What appears to be two triplets for the cis-isomer is 
actually a six line pattern (126.16, 126.24, 126.31, 126.40, 126.47 and 126.54 δ) as 
referred to earlier in the historical.
13
  This six line pattern is due to coupling occurring by 
the fluorine on the same phenyl ring and by through-space coupling from the fluorine on 
the adjacent phenyl ring which is only possible with the cis-isomer. 
The aromatic carbon para to C-F absorption appears as a doublet at 123.13 ppm (J 
= 3.4 Hz) corresponding to the trans-isomer (Figure 22).  A triplet absorption appears at 
122.72 ppm for the cis-isomer with coupling constants of J = 1.85 Hz.   
22.0 Hz 
 




Figure 21.  Expanded aromatic ortho-quaternary carbon region 
75 MHz 
13




Figure 22.  Expanded aromatic para-carbon region 75 
MHz 
13
C NMR spectrum (CDCl3) of 76. 
17.3 Hz 
3.4 Hz 
Six Line Pattern 
2.2 Hz 1.5 Hz 
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In Figure 23, the aromatic carbon (C26) ortho to the quaternary carbon 
absorption appears as two doublets, one at 130.50 ppm (J =1.1 Hz) and the other at 
130.46 ppm (J = 1.1 Hz) corresponding to each isomer.  The aromatic quaternary carbon 
(C1) on the central benzene ring bonded to the ethyl ester group (RCCOEt) absorption 
appears as two singlets corresponding to each isomer at 135.17 ppm and 134.85 ppm.  
The aromatic quaternary carbon (C3) on the central benzene ring bonded to the 
fluorinated phenyl ring absorption appears as two singlets corresponding to each isomer 
at 137.20 ppm and 136.94 ppm, respectively.  An absorption multiplet appears between 
129.10-129.46 ppm corresponding to the aromatic carbon (C34) meta to C-F for each 
isomer.  The aromatic carbon (C6) on the central benzene ring absorption appears at 
131.55 ppm.  Predicted and observed 
13




Figure 23.  Expanded aromatic region 75 MHz 
13










Figure 24.  Predicted and observed 
13
C NMR values for 76 








H dec.) NMR spectrum (CDCl3) of 76. 
Ratio 2:1 (trans:cis) 
 74 




H dec.) NMR spectrum (Figure 126) 
of 76 at -113.75 δ and -114.18 δ with a ratio of 2:1 respectively for trans:cis shown in the 
expanded spectrum in Figure 25.  This ratio coincides with the 2:1 ratio observed in the 
1
H NMR of 76. 
The mass spectrum (Figure 127) of 76 via GC/MS showed a mass ion peak at 
410.10 m/z compared to the calculated value of 410.13 m/z.  Summary of calculated and 
found values is shown in Table 5.  A summary of physical and spectral properties for 76 
can be found in Table 6.  Table 7 contains a summary of 
13
C NMR isomer data of 76.   
 
Table 5.  Mass spectrum data of 76. 
Found (m/z) Calculated (m/z) 
  410.10 (100%)  410.13 (100%) 
411.10 (25%)   411.14 (26.3%) 
 412.10 (3.9%) 412.14 (4.2%) 
 














































0.91 and 0.92 (t, 
3H, J=7.1 Hz, CH3), 
0.92 (t, 6H, J=7.1 
Hz, CH3), 4.00 (q, 
4H, J=7.1 Hz, CH2), 
7.10-6.66 (m, 8H, 
Ar CH), 7.94 and 
7.97 (s, 2H, Ar, 
CH) 
 
13.60, 61.22, 114.21, 
114.72, 122.72, 123.13, 
126.44, 126.82, 129.10-
129.46, 130.46, 130.50, 
131.55, 134.85 , 135.17, 
136.94, 137.20, 159.30, 
159.7, 166.65, 166.93  
 
-113.75 (s), 
 -114.18 (s) 
 
Table 7.  Summary of 
13
C NMR isomer data of 76. 
Trans (ppm) Cis (ppm) 
 
13.60, 61.22, 114.21, 129.10-129.4, 
123.13, 126.82, 130.50, 131.55, 135.17, 
137.20, 166.65, 159.30 
 
114.72, 129.10-129.4, 122.72, 126.44, 
130.46, 134.85, 136.94, 166.93, 159.70 
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Crystal structure data of 76 are summarized in Table 8 where the data show that 
the unit cell lattice is triclinic with a P-1 space group and block morphology.  The unit 
cell dimensions are a = 7.8334 Å, b = 7.8337 Å, c = 20.1537 Å, α = 79.16⁰, β = 62.32⁰, 
and γ = 73.15⁰.  The number of formula units per cell is 2.  The crystal structure of 76 is 
shown in Figure 26 where disorder is observed with a 2,6-difluoro substitution on the 
two phenyl rings at (C36), (C32), (C22) and (C26) due to the presence of cis and trans 
isomers.  This disorder is highlighted with red arrows in Figure 26.  The crystal was also 
found to be twinned.  Crystal twinning occurs when two crystals share the same crystal 
lattice points. 
Table 8.  Summary of Crystal Data for compound 76. 
Formula C24H20O4F2 
Lattice, Space Group Triclinic, P-1 
Unit Cell Demensions a = 7.8334 Å, b = 7.8337 Å, c = 20.1537 Å 
Unit Cell Angles α = 79.1656⁰, β = 62.3298⁰, γ = 73.1599⁰ 
Formula Units Per Cell (Z) Z = 2 
Morphology, Color Block, coulourless 
Radiation Mo Kα radiation, λ = 0.71073 Å 
Crystal Size 0.41 x 0.25 x 0.22 mm 
 





























































Figure 27.  Stereochemical consequences of asymmetry in terphenyls. 
The stereochemical consequence of the introduction of pendent functions into 
terephthalate 77 is shown in Figure 27. The orientation of the fluorophenyl groups in the 
unsubstituted terephthalate 76 is shown in A (cis) and B (trans). In the absence of any 
further substitution on the central ring, the ester functions appear to be inconsequential 
stereochemically. Spectroscopically, two isomers are abserved. 
The introduction of a group, hexyl or 4-(2-benzothiazolyl)phenyl in the 5 position 
creates an asymmetry with the consequence that more isomers (4) are possible. As shown 
in Figure 27, the added group R produces the possibility that the ester function at 
position 4 can take on two orientations relative to the nearest fluorophenyl group and that 
 77 
the esterfunction at position 1 is again inconsequential stereochemically. The cis isomer 
can take on the orientations labeled C and E and the trans isomer can take on similar 
orientations D and F. It is also proposed that in the ester function at position 4 in the 
terephthalate, the carbonyl oxygen is less sterically demanding than the ethoxy function, 
therefore, there can be unequal amounts of each pair of isomers, C > E and F > D. In fact, 
it is proposed and will be shown that groups other than ester, i.e. COOH, COCl, CH2OH 
and CH2Cl, function similarly. 
The Diels-Alder reaction of 2,5-di(ethoxycarbonyl)-3,4-di(2-fluorophenyl)-
cyclopentadienone 74 with 1-octyne 27a produced diethyl 5-hexyl-2,3-di(2-







F NMR and GC/MS.  Because of the asymmetry created by 
the hexyl substituent, four isomers (see Figure 27) are generated.  In some spectra, 
signals corresponding to all four isomers are visible. 
 
          74             27a               77 
 The IR spectrum (Figure 128) of 77 shows an aromatic CH stretch at 3062 cm
-1
, 
aliphatic CH stretch at 2958 cm
-1
, ester carbonyl absorption at 1728 cm
-1 
and aromatic 
C=C absorption at 1616 cm
-1
. 
 In the 
1
H NMR spectrum (Figure 129) of 77, a singlet absorption appears at 7.81 
δ corresponding to the aromatic proton (1H) on the central benzene ring.  The aromatic 
protons (8H) of the two fluorinated phenyl rings absorption appears as a multiplet 
 78 
between 6.69-7.15 δ.  Four quartet absorptions (J = 7.1 Hz) appear between 3.84-4.04 δ 
for the aliphatic methylene protons (4H) (RCOCH2CH3) with two quartets corresponding 




Figure 28.  Expanded aliphatic methylene region 300 
MHz 
1
H NMR spectrum (CDCl3) of 77. 
 
Figure 29 shows the expanded aliphatic hexyl region in the 
1
H NMR spectrum of 
77.  The aliphatic methylene proton (2H) absorptions of the hexyl chain adjacent to the 
benzene ring (RCH2(CH2)4CH3) appear as a multiplet between 2.56-2.72 δ, C1.  The next 
aliphatic methylene proton absorptions (2H) of the hexyl chain (RCH2CH2(CH2 )3CH3) 
appear as a multiplet between 1.61-1.65 δ, C2.  The remaining three aliphatic methylene 
proton absorptions (6H) of the hexyl chain (RCH2CH2(CH2 )3CH3) appear as a multiplet 
between 1.24-1.35 δ, C3-C5.  The three methyl proton absorptions (9H) appear as three 
triplets (J = 7.1 Hz) between 0.80-0.92 δ, C6-C8.  It also appears that there may be more 
triplets hidden corresponding to the other isomer. 





Figure 29.  Expanded hexyl region 300 MHz 
1




C NMR spectrum (Figure 130) of 77 shows the aliphatic methyl absorption 
of the ethyl ester (RCOCH2CH3) at 13.58 ppm and the aliphatic methyl absorption of the 
hexyl chain (R(CH2)5CH3) at 14.05 ppm.  The aliphatic methylene absorption of the ethyl 
ester (RCOCH2CH3) appears at 61.06 ppm.  The aliphatic methylene absorptions of the 
hexyl chain appear at 22.54 ppm (RCH2(CH2)4CH3), 31.59 ppm (RCH2CH2(CH2)3CH3), 
29.30 ppm (R(CH2)2CH2(CH2)2CH3), 31.08 ppm (R(CH2)3CH2CH2CH3) and 33.57 ppm 
(R(CH2)4CH2CH3). 
 In Figure 30, the aromatic C-F absorption coupling appears as four doublets (two 
for each pair of isomers, see Figure 27) at 159.22 ppm (J = 243.7 Hz) and 159.86 ppm (J 
= 244.5 Hz) for trans and at 159.65 ppm (J = 246.7 Hz) and 160.00 ppm (J = 244.5 Hz) 
for cis.  Four singlet absorptions (two for each pair of isomers) appear for the ester 












C6, C7, C8 
 80 
carbonyl at 168.07 ppm and 166.97 ppm for trans and at 168.19 ppm and 167.04 ppm for 
cis.   
 
Figure 30.  Expanded C-F region 75 MHz 
13
C NMR spectrum (CDCl3) of 77.  
In Figure 31, the aromatic carbon ortho to C-F absorption appears as four 
doublets, two for each pair of isomers corresponding to each diastereomer (trans/cis).  
The trans isomer absorption appears as a doublet at 114.17 ppm (J = 19.5 Hz) and a 
doublet at 114.46 ppm (J = 19.5 Hz).  The cis isomer absorption appears as a doublet at 
114.63 ppm (J = 22.5 Hz) and a doublet at 114.94 (J = 22.5 Hz). 
In Figure 32, four doublet absorptions appear (two for each pair of isomers) for 
the aromatic carbon (C3) para to the C-F position.  Two doublet absorptions appear at 
123.13 ppm (J = 3.7 Hz) and 123.05 ppm (J = 3.7 Hz) for the trans isomer.  For the cis 
isomer, two doublet absorptions appear at 122.87 ppm (J = 3.7 Hz) and 122.61 ppm (J = 
3.7 Hz).  The aromatic carbon (C4) meta to the C-F position absorption appears as two  
Ester carbonyls 
C-F (J = 244.5 Hz) 
C-F (J = 246.7 Hz) 
C-F (J = 244.5 Hz) 





Figure 31.  Expanded aromatic ortho-carbon region 75 
MHz 
13
C NMR spectrum (CDCl3) of 77. 
 
doublets at 129.69 ppm (J = 8.2 Hz) and 129.09 ppm (J = 7.5 Hz) for the trans isomer.  
The cis isomer exhibits two doublet absorptions at 129.56 ppm (J = 8.2 Hz) and at 128.83 
ppm (J = 8.2 Hz).  The aromatic carbon (C2) ortho to the aromatic quaternary carbon 
absorption appears as a two doublets for trans at 132.04 ppm (J = 3.0 Hz) and at 131.65 
ppm (J = 3.0 Hz).  The cis isomer exhibits two doublet absorptions at 131.42 ppm (J = 
2.2 Hz) and at 130.67 ppm (J = 2.5 Hz).  The aromatic carbon (C6) on the central 
benzene ring absorption appears at 128.21 ppm.  For the aromatic quaternary carbon (C1) 
ortho to the C-F position, two doublet absorptions appear at 126.94 ppm (J = 16.5 Hz) 
and 125.81 ppm (J = 17.25 Hz) for trans.  The cis isomer exhibits a doublet absorption at 
126.47 ppm (J = 16.5 Hz) and only a single peak at 125.29 ppm which is missing another 
peak.  The remaining aromatic quaternary carbon absorptions on the central benzene ring 
Trans/Cis 
J = 19.5 Hz 
J = 22.5 Hz 
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are shown in Figure 33, where predicted and observed 
13
C NMR values of 77 are 
displayed for trans and cis, respectively.  A summary of 
13
C NMR isomer data of 77 is 




Figure 32.  Expanded aromatic region 75 MHz 
13
C NMR spectrum (CDCl3) of 77. 
 
 
Table 9.  Summary of 
13
C NMR isomer data of 77. 
Trans (ppm) Cis (ppm) 
 
13.58, 14.05, 22.54, 29.30, 31.08, 31.59, 
33.57, 61.06, 114.46, 114.17, 123.13, 
123.05, 125.81, 126.94, 128.21, 129.69, 
129.09, 131.65, 132.04, 132.47, 134.00, 
134.86, 137.79, 139.82, 168.07, 166.97, 
159.22, 159.86 
 
114.78, 114.94, 122.87, 122.61, 125.29, 
126.47, 129.56, 128.83, 130.67, 131.42, 
132.59, 133.85, 134.68, 138.09, 139.91, 
167.04, 168.19, 159.65, 160.00 
 
 
J = 16.5 Hz 
J = 17.2 Hz 
J = 3.7 Hz 













Missing       
peak? 
Trans/Cis J = 8.2 Hz 
J = 8.2 Hz / 7.5 Hz 
J = 2.5 Hz  
J = 2.2 Hz  




Figure 33.  Predicted and observed 
13
C NMR values for 77 trans and cis-isomers 








H dec.) NMR spectrum (Figure 131) of 77, two singlet absorptions 
appear at -112.96 δ and -114.78 δ corresponding to the trans-isomer.  A doublet 




F coupling occurs at -113.41 δ (J(F,F) 
= 11.5 Hz) for the cis-isomer.  The other doublet absorption, which is observed for 84  
 (Figure 40), would be expected for the cis-isomer but is not observed.  This absorption 
may be hidden in the noise of the baseline.  The through-space coupling is predicted by 
equation (1), where dFF is the non-bonded distance (pm) between the fluorine nuclei.
13
   
1s
J(F,F) = 275000 exp(-0.03211dFF)     (1)  
With a calculated dFF of 305.6 pm (from Spartan), the J(F,F) value is estimated to be 15.1 
Hz.  The ratio of trans:cis is estimated to be ~3.2:1.2.  The one doublet absorption may 
be hidden in the baseline for the cis-isomer; see discussion on the diol 95 and the 





H dec.) NMR spectrum is shown in Figure 34. 
 
 




H dec.) NMR spectrum (CDCl3) of 77. 
J(F,F) = 11.5 Hz 
Ratio 3.2:1.2 (Trans:Cis) 
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The mass spectrum (Figure 132) of 77 via GC/MS showed a mass ion peak at 
494.10 m/z compared to the calculated value of 494.23 m/z.  A summary of calculated 
and found values appear in Table 10.  A summary of physical and spectral properties for 
77 can be found in Table 11. 
Table 10.  Mass spectrum data of 77. 
Found (m/z) Calculated (m/z) 
494.10 (100%) 494.23 (100%) 
495.10 (28.9%) 495.23 (33%) 
496.10 (3.9%) 496.23 (6%) 
 


















































0.80-0.92 (t, 9H, J 
= 7.1 Hz, CH3), 








3.84-4.04 (q, 4H, J 
= 7.1 Hz, 
RCOCH2CH3), 
6.69-7.15 (m, Ar 
CH) 
 
13.58, 14.05, 22.54, 29.30, 
31.08, 31.59, 33.57, 61.06, 
114.17, 114.46, 114.63, 
114.94, 122.61, 122.87, 
123.05, 123.13, 125.29, 
125.81, 126.47, 126.94, 
128.21, 128.83, 129.09, 
129.56 , 129.69, 130.67, 
131.42, 131.65, 132.04, 
132.47, 132.59, 133.85, 
134.00, 134.58, 134.86, 
137.79, 138.09, 139.82, 
139.91, 159.22, 159.65, 
159.86, 160.00, 166.97, 
167.04, 168.07, 168.19 
 
-112.96 (s),    
-113.41 (d, 




 The synthetic pathway towards diethyl 5-(2-(4-benzothiazolyl)phenyl)-
2,3-di(2-fluorophenyl)terephthalate 84 begins with the synthesis of 2-(4-ethynylphenyl)-
benzothiazole 83 via 3 steps.  A mixture of 2-aminothiophenol 78 and 4-bromo-
benzaldehyde 79 reacted via a condensation reaction in DMSO to yield 2-(4-bromo-
phenyl)benzothiazole 80.  A Sonogashira coupling was used between 80 and 2-methyl-3-
butyn-2-ol 81 to produce 4-(4-phenyl-2-benzothiazole)-2-methyl-3-butyn-2-ol 82. 
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Deprotection of the alkyne with 5% KOH in methanol produced 2-(4-
ethynylphenyl)benzothiazole 83 in 91% yield. 
 
            78  79                          80 
 
80        81                                  82 
 
   83 
 
83             74        84 
The Diels-Alder reaction between 2-(4-ethynylphenyl)benzothiazole 83 and 2,5-
di(ethoxycarbonyl)-3,4-di(2-fluorophenyl)cyclopentadienone 74 yielded diethyl 5-(2-(4-
benzothiazolyl)phenyl)-2,3-di(2-fluorophenyl)terephthalate 84 in 94% yield.  The 
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C NMR and 
19
F NMR.  
Because of the asymmetry created by the 2-(4-benzothiazolyl)phenyl substituent, four 
isomers (see Figure 27) are generated.  In some spectra, signals corresponding to all four 
isomers are visible. 
 The IR spectrum (Figure 133) of 84 shows an aromatic CH stretch at 3062 cm
-1
, 
aliphatic CH stretch at 2980 cm
-1
, ester carbonyl absorption at 1728 cm
-1 
and aromatic 
C=C absorption at 1616 cm
-1
. 
 In the 
1
H NMR spectrum (Figure 134) of 84, a triplet absorption appears at 0.82 δ 
(J = 7.1 Hz) and another at 0.81 δ (J = 7.1 Hz) corresponding to the methyl protons (3H) 
for each isomer (trans/cis).  The other methyl proton (3H) absorptions for each isomer 
(trans/cis) appear as a triplet at 1.02 δ (J = 7.1 Hz) and a triplet at 1.05 δ (J = 7.2 Hz).  
One aliphatic methylene proton (2H) absorption appears at 3.84 δ (J = 7.1 Hz) as a 
quartet.  Two quartet absorptions appear at 4.12 δ (J = 7.1 Hz) and 4.15 δ (J = 7.2 Hz) 
corresponding to the aliphatic methylene protons (2H) for each isomer. 
 The aromatic region of the 
1
H NMR is expanded in Figure 35.  The aromatic 
protons (8H) of the fluorinated phenyl rings absorption appears as a multiplet between 
6.84-7.19 δ.  The aromatic protons (2H) meta to the quaternary carbons of the 
benzothiazole ring appear as two triplet of doublets at 7.42 δ (J = 1.2 Hz) and at 7.53 δ (J 
= 1.1 Hz).  The aromatic protons (2H) ortho to the quaternary carbons of the 
benzothiazole ring appear at 8.20 δ (J = 8.3 Hz) as a doublet.  A singlet corresponding to 
the aromatic proton (1H) of the central benzene ring appears at 8.13 δ.  Two doublet 
absorptions appear at 7.67 δ (J = 8.1 Hz) and 7.69 δ (J = 8.3 Hz) corresponding to the 
aromatic protons (2H) of the 1,4-disubsituted phenyl ring attached at the 5-position of the 
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central benzene ring.  The other two doublet absorptions appear at 7.95 δ (J = 7.9 Hz) and 
at 8.21 δ (J = 8.0 Hz) corresponding to the other aromatic protons (2H) of the 1,4-
disubsituted phenyl ring attached at the 5-postion of the central benzene ring.   
Figure 35.  Expanded 300 MHz 
1
H NMR spectrum (CDCl3) of 84. 
 In the 
13
C NMR spectrum (Figure 135) of 84, two absorptions appear at 13.43 
ppm and 13.64 ppm corresponding to the aliphatic methyls.  A single absorption appears 
at 61.30 ppm corresponding to the aliphatic methylenes. 
 In the expanded aromatic carbon ortho to C-F region 
13
C NMR spectrum (Figure 
36), two doublet absorptions appear, one for each isomer, at 114.31 ppm (J = 18.0 Hz) 
and 114.60 ppm (J = 18.0 Hz) for the trans isomer.  For the cis isomer, two doublet 
absorptions appear, one for each isomer, at 114.78 ppm (J = 22.5 Hz) and 115.08 (J = 
21.8 Hz).   
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Figure 36.  Expanded aromatic carbon ortho to C-F region 
75 MHz 
13
C NMR spectrum (CDCl3) of 84. 
 
In the expanded aromatic region of the 
13
C NMR spectrum (Figure 37), the 
aromatic carbons of the benzothiazole phenyl ring absorption appears at 121.69 ppm 
(C546), 126.51 ppm (C545), 125.42 ppm (C544) and 123.26 ppm (C543).  The aromatic 
quaternary fusion carbon adjacent to sulfur absorption appears at 132.89 ppm (C542).  
The aromatic quaternary carbons of the pendent phenyl ring at C54 and C51 absorption 
appears at 141.92 ppm and 135.00 ppm, respectively.  The aromatic carbons of the 
pendent phenyl ring at C52 and C53 absorptions appear at 127.69 ppm and 129.32 ppm, 
respectively.  The aromatic carbon (C6) on the central benzene ring absorption appears at 
131.00 ppm.  The aromatic quaternary carbons (C4) and (C1) of the central benzene ring 
adjacent to the ethyl carbonyls absorptions appear at 136.14 ppm and 135.78 ppm, 
respectively for the trans-diastereomer.  For the cis-diastereomer, (C4) and (C1) 
J = 21.8 Hz 
J = 22.5 Hz 
J = 18.0 Hz 




absorptions appear at 135.97 ppm and 135.53 ppm, respectively.  The two aromatic 
quaternary carbons (C2) and (C3) of the central benzene ring adjacent to the fluorinated 
phenyls absorptions appear at 137.28 ppm and 138.68 ppm, respectively for the trans-
diastereomer.  For the cis-diastereomer, (C2) and (C3) absorptions appear at 137.56 ppm 
and 138.74 ppm, respectively. 
 
Figure 37.  Expanded aromatic region 75 MHz 
13
C NMR spectrum (CDCl3) of 84. 
The fluorinated phenyl ring shows four doublet absorptions (two for each isomer).  
The trans isomer exhibits a doublet absorption at 126.56 ppm (J = 17.2 Hz) and another 
at 125.31 ppm (J = 17.2 Hz) corresponding to the aromatic quaternary carbon (C21) of 
the fluorinated phenyl rings.  The cis isomer exhibits a doublet absorption at 126.10 ppm 






































to C-F absorption appears as a doublet at 130.02 ppm (J = 8.2 Hz) and a doublet at 
129.43 ppm (J = 8.2 Hz) for the trans isomer.  The cis isomer (C24) absorption appears 
as a doublet at 129.91 ppm (J = 9.7 Hz) and a doublet at 129.20 ppm (J = 8.2 Hz).  The 
aromatic carbon (C25) para to C-F absorption appears as a doublet at 123.28 (J = 3.8 Hz) 
and a doublet at 123.23 (J = 4.5 Hz) for the trans isomer.  The cis isomer (C25) 
absorption appears as a doublet at 123.00 ppm (J = 3.0 Hz) and a doublet at 122.80 ppm 
(J = 3.0 Hz).  The aromatic carbon (C26) ortho to the aromatic quaternary carbon (C21) 
absorption appears as a doublet at 131.29 ppm (J = 3.0 Hz) and a doublet at 131.03 ppm 
(J = 3.0 Hz) for the trans isomer.  The cis isomer (C26) absorption appears as a doublet at 
131.28 ppm (J = 2.2 Hz) and a doublet at 130.51 ppm (J = 1.5 Hz). 
 
Figure 38.  Expanded aromatic C-F region 75 MHz 
13
C NMR spectrum (CDCl3) of 84. 
Ester carbonyls 
C-F  (J = 244.6 Hz) 
C-F  (J = 246.5 Hz) 
C-F  (J = 246.2 Hz) 
C-F  (J = 248.0 Hz) 
Trans/ Cis 
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The aromatic C-F and carbonyl region is expanded in the 
13
C NMR spectrum in 
Figure 38.  Two doublet absorptions appear at 159.41 ppm (J = 246.5 Hz) and at 159.16 
ppm (J = 244.6 Hz) corresponding to the C-F coupling for the trans-isomer.  Two doublet 
absorptions at 159.69 ppm (J = 248.0 Hz) and 159.90 ppm (J = 246.2 Hz) corresponding 
to the C-F coupling for the cis-isomer.  Two ester carbonyl absorptions appear at 167.50 
ppm and 166.45 ppm for the trans isomer.  For the cis isomer, two ester carbonyl 
absorptions appear at 167.60 ppm and 166.54 ppm.  The quaternary carbon adjacent to 
sulfur and nitrogen absorption appears at 167.46 ppm and the aromatic quaternary carbon 
adjacent to nitrogen absorption appears at 153.92 ppm.  The observed and predicted 
13
C 
NMR values of 84 for trans and cis appears in Figure 39.  A summary of 
13
C NMR 
spectra data of 84 for trans and cis is listed in Table 12. 
Table 12.  Summary of 
13
C NMR isomer data of 84. 
Trans (ppm) Cis (ppm) 
 
13.43, 13.64, 61.30, 114.31, 114.60, 
121.69, 123.23, 123.26, 123.28, 125.31, 
125.42, 126.51, 126.56, 127.69, 129.32, 
129.43, 130.02, 131.00, 131.29, 132.03, 
132.89, 133.15, 135.00, 135.78, 136.14, 
137.28, 138.68, 141.92, 153.92, 159.16, 
159.41, 166.54, 167.46, 167.50 
 
114.78, 115.08, 122.80, 123.00, 125.19, 
126.10, 129.20, 129.91, 130.51, 131.28, 
133.03, 135.53, 135.97, 137.56, 138.74, 






H dec.) NMR spectrum (Figure 136) of 84, two singlet absorptions appear at 
-112.81 δ and at -114.60 δ corresponding to the trans-isomer.  Two doublet absorptions 
appear at -113.29 δ (J(F,F) = 11.5 Hz) and at -115.46 δ (J(F,F) = 11.5 Hz) corresponding 
to the cis-isomer.  The ratio of the two isomers is 3:1 (trans:cis).  The F-F through space 
coupling is J(F,F) = 11.5 Hz for the cis-isomer.  The calculated dFF distance is 316.1 pm 









Figure 39.  Predicted and observed 
13
C NMR values for 84 trans and cis-isomers 












H dec.) NMR spectrum (CDCl3) of 84. 



















































0.81 and 0.82 (t, 3H, 
J = 7.1 Hz, CH3), 
1.02 and 1.05 (t, 3H, 
J = 7.1 Hz, CH3), 
3.84 (q, 2H, J = 7.1 
Hz, CH2), 4.12 and 
4.15 (q, 2H, J = 7.1 
Hz, CH2), 6.84-7.19 
(m, 8H, Ar CH), 
7.41(td, 1H, J = 1.2 
Hz, Ar CH), 7.53 
(td, 1H, J = 1.1 Hz, 
Ar CH), 7.67 (d, 1H, 
J = 8.1 Hz, Ar CH), 
7.69 (d, 1H, J = 8.3 
Hz), 7.95 (d, 1H, J = 
7.9 Hz, Ar CH), 8.13 
(s, 1H, Ar CH), 8.20 
(d, 2H, J = 8.3 Hz, 
Ar CH), 8.21 (d, 1H, 
J = 8.0 Hz) 
 
13.43, 13.64, 61.30, 
114.31, 144.60, 114.78, 
115.08, 121.69, 122.80, 
123.00, 123.23, 123.26, 
123.28, 125.42, 126.51, 
125.19, 125.31, 126.10, 
126.56, 127.69, 129.20, 
129.32, 129.43, 129.91, 
130.02, 131.00, 131.03, 
131.28, 131.29, 130.51, 
135.00, 135.78, 135.53, 
135.97, 136.14, 137.28, 
137.56, 138.68, 138.74, 
141.92, 153.92, 159.16, 
159.41, 159.69, 159.90, 
166.45, 166.54, 167.46, 
167.50, 167.60  
 
-112.81 (s),      
-113.29 (d, 
J(F,F) = 11.5 
Hz), -114.60 
(s), -115.46 (d, 
J(F,F) = 11.5 
Hz) 
J(F,F) = 11.5 Hz J(F,F) = 11.5 Hz 
Ratio: 3:1 (trans:cis) 
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Crystals structure data of 84 are summarized in Table 14 where the data show 
that the unit cell lattice is triclinic with a P-1 space group and block morphology.  The 
unit cell dimensions are a = 7.4001 Å, b = 11.4162 Å, c = 19.4623 Å, α = 73.72⁰, β = 
81.52⁰, and γ = 71.59⁰.  The number of formula units per cell is 2.  The crystal structure 
of 84 is shown in Figure 41 where disorder is observed on the one of the phenyl rings at 




Figure 41.  Crystal structure of 84. 
F(32) and F(36) 
 disorder 
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Table 14.  Summary of Crystal Data for compound 84. 
Formula C37H27N1O4F2S1 
Lattice, Space Group Triclinic, P-1 
Unit Cell Demensions a = 7.4001 Å, b = 11.4162 Å, c = 19.4623 Å 
Unit Cell Angles α = 73.7267⁰, β = 81.5278⁰, γ = 71.5940⁰ 
Formula Units Per Cell (Z) Z = 2 
Morphology, Color Block, coulourless 
Radiation Mo Kα radiation, λ = 0.71073 Å 
Crystal Size 0.34 x 0.28 x 0.22 mm 
 
The splitting patterns observed in the 
13
C NMR spectra (Figure 125, Figure 130 
and Figure 135) of the parent terephthalates (76, 77 and 84) are expected to be observed 
for the remaining derivatives (85-90 and 94-99). 
2,3-Di(2-fluorophenyl)-1,4-benzenedicarboxylic Acid and Derivatives. 
 The hydrolysis of diethyl 2,3-di(2-fluorophenyl)terephthalate 76 with 48% (aq.) 
HBr in acetic acid produced 2,3-di(2-fluorophenyl)-1,4-benzenedicarboxylic acid 85 in 









                 76                 85 
 In the IR spectrum (Figure 137) of 85, the carboxylic acid O-H stretch appears 
between 3300-2000 cm
-1
 and the carbonyl absorption appears at 1697 cm
-1
. 
 In the 
1
H NMR spectrum (Figure 138) of 85, the aromatic carbon proton (8H) 
absorptions of the fluorinated phenyl ring appear as a multiplet between 6.85-7.21 δ and 
the proton (2H) absorption of the carboxylic acid appears as a broad peak at ~10.70 δ.  In 
the expanded 
1
H NMR in Figure 41, two singlet absorptions appear at 8.15 δ and 8.12 δ 
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corresponding to the protons (2H) of the central benzene ring for the trans and cis isomer 
which integrates to a ratio of 1:1. 
 
Figuer 42.  Expanded 300 MHz 
1
H NMR spectrum (Acetone-d6) of 85.  
 In the 
13
C NMR spectrum (Figure 139) of 85, two carbonyl absorptions appear 
for each diastereomer at 167.61 ppm (trans) and 167.89 ppm (cis).  A doublet absorption 
appears for the C-F coupling at 160.31 ppm (J = 242.8 Hz) for trans and a doublet at 
160.63 ppm (J = 244.8 Hz) for cis shown in Figure 43. 
In the expanded aromatic region of the 
13
C NMR spectrum (Figure 44), a doublet 
absorption appears at 124.03 ppm (J = 3.5 Hz) corresponding to the aromatic carbon (C3) 
para to C-F for the trans-isomer.  For the cis-isomer, a triplet absorption appears at 
123.64 ppm (J = 1.5 Hz).  The aromatic carbon (C1) ortho to C-F for the trans-isomer 
absorption appears as a doublet at 115.01 ppm (J = 22.1 Hz) and the cis-isomer 
Ratio 1:1 (trans:cis) 
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absorption appears as a six line pattern (115.05, 115.11, 115.19, 115.32, 115.40 and 
115.46 δ) as referred to earlier in the Historical.
13
   
 
Figure 43.  Expanded aromatic C-F region 75 MHz 
13
C NMR spectrum (Acetone-d6) of 85. 
 
Two singlet absorptions appear for each diastereomer at 132.95 ppm and 132.97 
ppm corresponding to the aromatic carbon (C7) on the central benzene ring.  Two doublet 
absorptions, one for each diastereomer, appear at 131.39 ppm (J = 1.0 Hz) and at 131.43 
ppm (J = 1.29 Hz) corresponding to the aromatic carbon (C4) ortho to the aromatic 
quaternary carbon.  The aromatic carbon (C2) meta to C-F absorption appears as a 
multiplet between 129.97-130.31 ppm for each diastereomer.  The aromatic quaternary 
carbon (C8) adjacent to the carboxylic acid absorption appears at 136.02 ppm for the 
trans isomer and at 136.28 ppm for the cis isomer.  The aromatic quaternary carbon (C6) 
adjacent to the fluorinated phenyl ring absorption appears at 138.08 ppm for the trans 
C-F  (J = 242.8 Hz) 





isomer and at 137.93 ppm for the cis isomer.  The aromatic quaternary carbon (C5) ortho 
to C-F absorption appears as a doublet for the trans-isomer at 127.71 ppm (J = 17.4 Hz).  
For the cis-isomer, a six line pattern appears (127.08, 127.15, 127.22, 127.31, 127.38 and 
127.45 δ) as referred to earlier in the Historical.
13 
 Predicted and observed 
13
C NMR 
values of 85 are shown in Figure 45. 
 
 
Figure 44.  Expanded aromatic region 75 MHz 
13
C NMR spectrum (Acetone-d6) of 85. 
 














































8H, Ar CH), 8.15 
and 8.12 (s, 2H, 
Ar CH), 10.70 
(broad, COOH) 
 
115.01, 115.26, 123.63, 
123.65, 124.03, 127.26, 
127.71, 129.97-130.31, 
131.39, 131.43, 132.95, 
132.97, 136.02, 136.28, 
137.93, 138.08, 160.31, 
160.63, 167.61, 167.89 
 
























H dec.) NMR spectrum (Figure 140) of 85, two singlet absorptions 
appear at -115.46 δ and at -116.11 δ with a ratio of 4:1 (trans:cis respectively) as shown 
in the expanded spectrum in Figure 46.  A summary of physical and spectral properties 
for 85 can be found in Table 15. 
 
 
Figure 45.  Predicted and observed 
13
C NMR values for 
85 where values are listed as (Trans/Cis). 
 
 




H dec.) NMR spectrum (Acetone-d6) of 85. 
Ratio 4:1 (trans:cis) 
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The hydrolysis of diethyl 5-hexyl-2,3-di(2-fluorophenyl)terephthalate 77 with 
48% (aq.) HBr in acetic acid produced 5-hexyl-2,3-di(2-fluorophenyl)-1,4-
benzenedicarboxylic acid 86 in 77% yield.  The compound 86 was characterized by 




C NMR and 
19
F NMR.  Because of the asymmetry created 
by the hexyl substituent, four isomers (see Figure 27) are generated for the diastereomers 
(trans/cis).  In some spectra, signals corresponding to all four isomers are visible. 
 
      77                      86 
 In the IR spectrum (Figure 141) of 86, the carboxylic acid O-H stretch appears 
between 3500-2100 cm
-1 
and the carbonyl absorption appears at 1695 cm
-1
. 
 In the 
1
H NMR spectrum (Figure 142) of 86, the aromatic carbon proton (1H) of 
the central benzene ring absorption appears as a singlet at 8.00 δ and the aromatic carbon 
protons (8H) of the fluorinated phenyl rings absorption appears as a multiplet between 
6.79-7.29 δ.  The methyl proton (3H) of the hexyl chain absorption appears as a triplet at 
0.91 δ (J = 7.0 Hz).  The aliphatic methylene protons (2H) adjacent to the central benzene 
ring (RCH2(CH2)4CH3) absorption appears as a multiplet between 2.81-2.87 δ.  The next 
aliphatic methylene protons (2H) of the hexyl chain (RCH2CH2(CH2)3CH3) absorption 
appear as a multiplet between 1.72-1.80 δ.  The remaining aliphatic methylene protons (6 
H) of the hexyl chain (R(CH2)2(CH2)3CH3) absorption appears as a multiplet between 
1.35-1.47 δ. 
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 In the 
13
C NMR spectrum (Figure 143) of 86, the methyl of the hexyl chain 
absorption appears at 14.34 ppm.  The aliphatic methylenes of the hexyl chain absorption 
appear at 34.23 ppm (RCH2(CH2)4CH3), 32.03 ppm (RCH2CH2(CH2)3CH3), 32.33 ppm 
(R(CH2)3CH2CH2CH3) and 23.24 ppm (R(CH2)4CH2CH3).  One of the aliphatic 
methylene absorptions of the hexyl chain (R(CH2)2CH2(CH2)2CH3) is hidden within the 
acetone-d6 peak. 
 
Figure 47.  Expanded aromatic C-F region 75 MHz 
13
C NMR spectrum (Acetone-d6) of 86.  
 
Four absorptions appear for carboxylic acid carbonyls, two for each diastereomer.  
The trans carbonyl absorptions appear at 167.89 ppm and 169.40 ppm.  The cis isomer 
carbonyl absorptions appear at 167.97 ppm and 169.56 ppm.  Four doublet absorptions 
appear for the C-F coupling, two for each diastereomer as shown in Figure 47.  The C-F 
coupling for the trans isomer appears as a doublet absorption at 160.17 ppm (J = 242.8 
Hz) and another at 160.41 ppm (J = 244.8 Hz).  The C-F coupling for the cis isomer 
Carboxylic Acid Carbonyls   
(2 for trans/2 for cis) 
C-F coupling 
 2 doublets for trans     
2 doublets for cis 
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appears as a doublet absorption at 160.59 ppm (J = 214.9 Hz) and another at 161.00 (J = 
244.2 Hz). 
 The aromatic carbon ortho to C-F absorption appears as a doublet at 115.26 ppm 
(J = 21.8 Hz) and another doublet at 114.97 ppm (J = 22.5 Hz) for the trans isomer.  For 
the cis isomer, a doublet absorption appears at 115.19 ppm (J = 22.5 Hz) and another at 
115.49 ppm (J = 21.8 Hz).  The aromatic carbon meta to C-F absorption appears as a 
doublet at 130.76 ppm (J = 8.2 Hz) and another at 130.05 ppm (J = 8.2 Hz) for the trans 
isomer.  For the cis isomer, a doublet absorption appears at 130.55 ppm (J = 7.5 Hz) and 
another at 129.65 ppm (J = 8.2 Hz).  The aromatic carbon para to C-F absorption appears 
as a doublet at123.91 ppm (J = 3.0 Hz) and another at 124.01 ppm (J = 3.7 Hz) for the 
trans isomer.  For the cis isomer, a doublet absorption appears at 123.82 ppm (J = 3.7 Hz) 
and another at 123.49 ppm (J = 3.7 Hz).  The aromatic carbon ortho to the aromatic 
quaternary carbon absorption appears as a doublet at 133.38 ppm (J = 3.7 Hz) and 
another at 132.96 ppm (J = 3.7 Hz) for the trans isomer.  For the cis isomer, a doublet 
appears at 132.38 ppm (J = 2.2 Hz) and another at 131.61 ppm (J = 2.2 Hz).  The 
aromatic quaternary carbon ortho to C-F absorption appears as a doublet at 126.85 ppm (J 
= 17.2 Hz) and another at 127.89 ppm (J = 17.2 Hz) for the trans isomer.  The cis isomer 
absorption appears as a doublet at 126.78 ppm (J = 17.2 Hz) and another at 127.47 ppm 
(J = 16.5 Hz).  The aromatic carbon of the central benzene ring absorption appears at 
131.36 ppm.  The remaining aromatic quaternary carbons of the central benzene ring are 
shown in Figure 48 for trans and cis with observed and predicted 
13
C NMR values for 
compound 86.  A summary of 
13





Figure 48.  Predicted and observed 
13
C NMR values for 86 trans and cis-isomers 




Table 16.  Summary of 
13
C NMR isomer data of 86. 
Trans (ppm) Cis (ppm) 
 
14.34, 23.24, 32.03, 32.33, 34.23, 114.97, 
115.26, 123.91, 124.01, 126.85, 127.89, 
130.05, 130.76, 131.36, 132.96, 133.38, 
133.55, 134.98, 135.27, 139.98, 160.17, 
160.14, 169.40, 167.89 
 
115.19, 115.49, 123.49, 123.82, 126.78, 
127.47, 129.65, 130.55, 131.61, 132.38, 
133.59, 135.16, 139.62, 140.05, 160.59, 
161.00, 167.97, 169.56 
 




H dec.) NMR spectrum (Figure 144) of 86, two singlet absorptions 





H dec.) NMR spectrum shown in Figure 49, a doublet absorption appears at -114.14 δ 
(J(F,F) = 10.5 Hz) corresponding to the cis-isomer and F-F through-space coupling.  The 
other doublet may be hidden in the baseline as for 77.  The calculated dFF is 333.4 pm  
 




H dec.) NMR spectrum (Acetone-d6) of 86. 
with a corresponding J(F,F) = 6.16 Hz.  The estimated ratio of trans:cis is ~2.7:1.0.  One 
doublet may be hidden in the baseline for the cis-isomer; see discussion on the diol 95 
J(F,F) = 10.5 Hz 
Ratio 2.7:1.0 (Trans:Cis) 
 106 
and the chloromethyl 98 where two doublets are observed for the cis-isomer.  A summary 
of physical and spectral properties for 86 can be found in Table 17. 


















































0.91 δ (t, 3H, J = 
7.0 Hz, CH3), 1.35-
1.47 δ (m, 6H, 
R(CH2)2(CH2)3CH3) 
1.72-1.80 δ (m, 2H, 
RCH2CH2(CH2)3C
H3), 2.81-2.87 δ (m, 
2H, 
RCH2(CH2)4CH3), 
6.79-7.29 δ (m, 8H, 
Ar CH), 8.00 (s, 
1H, Ar CH) 
 
14.34, 23.24, 32.03, 
32.33, 34.23, 114.97, 
115.19, 115.26, 115.49, 
123.49, 123.82, 123.91, 
124.01, 126.78, 126.85, 
127.47, 127.89, 129.65, 
130.05, 130.55, 130.76, 
131.36, 131.61, 132.28, 
132.96, 133.38, 133.55, 
133.59, 134.98, 135.16, 
135.27, 139.62, 139.90, 
139.98, 140.05, 160.17, 
160.41, 160.59, 161.00, 
167.89, 167.97, 169.40, 
169.56 
 
-113.38 (s),            
-114.14 (d, 





The hydrolysis of diethyl 5-(2-(4-benzothiazolyl)phenyl)-2,3-di(2-
fluorophenyl)terephthalate 84 with 48% (aq.) HBr in acetic acid produced 5-(2-(4-
benzothiazolyl)phenyl)-2,3-di(2-fluorophenyl)-1,4-benzenedicarboxylic acid 87 in 86% 




C NMR and 
19
F NMR.  Because of the asymmetry created by the 2-(4-benzothiazolyl)phenyl 
substituent, four isomers (see Figure 27) are generated.  In some spectra, signals 
corresponding to all four isomers are visible. 
 
  84       87 
In the IR spectrum (Figure 145) of 87, the carboxylic acid O-H stretch appears 
between 3307-2175 cm
-1




 In the 
1
H NMR spectrum (Figure 146) of 87, the aromatic protons (8H) of the 
two fluorinated phenyl rings absorption appears as a multiplet between 6.89-7.31 δ.  The 
two aromatic protons (2H) ortho to the quaternary carbons of the benzothiazole 
absorption appears as a doublet at 8.21 δ (J = 8.1 Hz).  The remaining two aromatic 
protons (2H) of the benzothiazole absorption appears as a triplet at 7.57 δ (J = 7.0 Hz) 
and a triplet at 7.46 δ (J = 7.0 Hz).  The aromatic protons (4H) of the pendent phenyl ring 
at the 5-position of the central benzene ring absorption appear as a doublet at 7.76 δ (J = 
8.1 Hz), a doublet at 7.77 δ (J = 8.4 Hz), a doublet at 8.10 δ (J = 7.8 Hz) and a doublet at 
8.17 δ (J = 7.8 Hz).  The aromatic proton (1H) of the central benzene ring absorption 
appears as a singlet at 8.01 δ.  The expanded aromatic region of the 
1




Figuer 50.  Expanded 300 MHz 
1




C NMR spectrum (Figure 147) of 87, two absorptions appear for the 
carbonyls of the trans -isomer at 168.50 ppm and 167.22 ppm.  The carbonyls of the cis 
isomer absorption appear at 168.61ppm and 167.29 ppm.  Two doublet absorptions 
appear for the aromatic C-F for the trans isomer at 158.52 ppm (J = 241.5 Hz) and 
158.86 ppm (J = 243.0 Hz).  For the cis isomer, two doublet absorptions appear at 159.02 
ppm (J = 243.7 Hz) and 159.25 ppm (J = 242.2 Hz).  The expanded aromatic C-F and 
carbonyl region is expanded in Figure 51. 
 
Figure 51.  Expanded 75 MHz 
13
C NMR spectrum (DMSO-d6) of 87. 
The aromatic carbon ortho to C-F absorption appears as a doublet at 114.25 ppm 
(J = 21.0 Hz) and another at 114.53 ppm (J = 21.0 Hz) for the trans isomer.  For the cis 
isomer, a doublet absorption appears at 114.37 ppm (J = 21.7 Hz) and another at 114.66 
ppm (J = 21.7 Hz).  The aromatic carbon meta to C-F absorption appears as a doublet at 
130.32 ppm (J = 9.7 Hz) and another at 130.09 ppm (J = 10.5 Hz) for the trans isomer.  
C-F coupling 
2 doublets for trans         
2 doublets for cis 
2 carbonyls for trans       
2 carbonyls for cis 
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For the cis isomer, a doublet absorption appears at 129.68 ppm (J = 8.2 Hz).  The 
aromatic carbon para to C-F absorption appears as a doublet at123.35 ppm (J = 3.7 Hz) 
and another at 123.17 ppm (J = 3.0 Hz) for the trans isomer.  The aromatic carbon ortho 
to the aromatic quaternary carbon absorption appears as a doublet at 132.50 ppm (J = 2.2 
Hz) for the trans isomer.  For the cis isomer, a doublet absorption appears at 131.83 ppm 
(J = 3.7 Hz) and another at 131.03 ppm (J = 2.2 Hz).  The aromatic quaternary carbon 
ortho to C-F absorption appears as a doublet at 126.03 ppm (J = 17.2 Hz) and another at 
124.95 ppm (J = 17.2 Hz) for the trans isomer.  The cis isomer absorption appears as a 
doublet at 124.82 ppm (J = 16.5 Hz) and another at 125.64 ppm (J = 16.5 Hz).  The 
aromatic carbon of the central benzene ring absorption appears at 130.16 ppm.  The 
remaining quaternary carbons of the central benzene ring and the carbons associated with 
the 2-(4-benzothiazolyl)phenyl including predicted and observed 
13
C NMR values of 87 
are shown in Figure 52 for trans and cis.  A summary of 
13
C NMR values for each 
isomer of 87 is shown in Table 18. 
Table 18.  Summary of 
13
C NMR isomer data of 87. 
Trans (ppm) Cis (ppm) 
 
114.25, 114.53, 122.39, 122.95, 123.17, 
123.35, 124.03, 125.53, 126.03, 126.74, 
127.44, 129.37, 130.09, 130.16, 130.32, 
132.50, 133.48, 134.34, 134.57, 135.12, 
136.99, 137.75, 141.57, 141.69, 153.58, 
158.52, 158.86, 166.67, 167.22, 168.50 
 
114.37, 114.66, 124.82, 125.64, 129.68, 
131.03, 131.83, 133.83, 134.38, 135.15, 







H dec.) NMR spectrum (Figure 148) of 87, two absorptions appear at 
-112.36 δ and -114.20 δ corresponding to the trans-isomer.  Two doublet absorptions 
appear at   -113.67 δ (J(F,F) = 10.4 Hz) and at -115.77 δ (J(F,F) = 10.1 Hz)  




Figure 52.  Predicted and observed 
13
C NMR values for 87 trans and cis-isomers 




calculated to be 328.6 pm with a J(F,F) = 7.19 Hz.  The ratio of trans:cis is estimated to 




H dec.) NMR spectrum is shown in Figure 53.  A summary 
of physical and spectral properties for 87 can be found in Table 19. 
 




H dec.) NMR spectrum (DMSO-d6) of 87. 











H NMR (δ) 
(DMSO-d6) 
13





































6.89-7.31 (m, 8H, 
Ar CH), 7.46 (t, 
1H, J = 7.0 Hz, Ar 
CH), 7.57 (t, 1H, J 
= 7.0 Hz, Ar CH), 
7.76 (d, 1H, J = 
8.1 Hz, Ar CH), 
7.77 (d, 1H, J = 
8.4 Hz, Ar CH), 
8.01 (s, 1H, Ar 
CH), 8.10 (d, 1H, 
J = 7.8 Hz, Ar 
CH), 8.17 (d, 1H, 
J = 7.8 Hz, Ar 
CH), 8.21 (d, 2H, 
J = 8.1 Hz, Ar CH) 
 
114.25, 114.37, 114.53, 
114.66, 122.39, 122.95, 
123.17, 123.35, 124.82, 
124.95, 125.53, 125.64, 
126.74, 126.03, 127.44, 
129.37, 129.68, 130.09, 
130.16, 130.32, 131.03, 
131.83, 132.50, 133.38, 
133.48,134.34, 134.38, 
134.57, 135.12, 135.15, 
136.94, 136.99, 137.75, 
138.09, 141.69, 153.58, 
158.52, 158.86, 159.02, 
159.25, 166.67 , 167.22, 
167.29, 168.50, 168.61 
 
-112.36 (s),        
-113.67 (d, 
J(F,F) = 10.4 
Hz), -114.20 (s), 
-115.77 (d, 
J(F,F) = 10.1 
Hz) 
 
J(F,F) = 10.4 Hz 
J(F,F) = 10.1 Hz 
Ratio 2:1 (Trans:Cis) 
 112 
2,3-Di(2-fluorophenyl)terephthaloyl Dichloride and Derivatives.  
 The acid chloride, 2,3-di(2-fluorophenyl)terephthaloyl dichloride 88 was 
produced in 98% yield via a reaction of 2,3-di(2-fluorophenyl)-1,4-benzenedicarboxylic 









                     85    88 
 In the IR spectrum (Figure 149) of 88, the aromatic C-H stretch absorbs at 3066 
cm
-1
, the acid chloride carbonyl absorbs at 1774 cm
-1





Figure 54.  300 MHz 
1
H NMR spectrum (CDCl3) of 88. 




H NMR spectrum (Figure 150) of 88, a multiplet absorption appears 
between 6.88-7.04 δ corresponding to the aromatic protons (6H) of the fluorinated phenyl 
rings.  A multiplet absorption also appears between 7.17-7.25 δ corresponding to the 
aromatic protons (2H) of the fluorinated phenyl rings.  The aromatic protons (2H) of the 
central benzene ring absorption appears as two singlets, 8.27 δ for the trans-isomer and 




Figure 55.  Expanded 75 MHz 
13
C NMR spectrum (CDCl3) of 88. 
In the 
13
C NMR spectrum (Figure 151) of 88, a doublet absorption appears at 
114.86 ppm (J = 21.7 Hz) corresponding to the aromatic carbon ortho to C-F of the trans-
isomer.  For the cis-isomer, a six line pattern appears (115.19, 115.25, 115.33, 115.46, 
115.54 and 115.59 δ) as referred to earlier in the Historical.
13
  The aromatic carbon para 
C-F coupling Carbonyl 
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to C-F absorption appears as a doublet at 123.82 ppm (J = 3.7 Hz) corresponding to the 
trans-isomer.  The cis-isomer absorption appears as a triplet at 123.42 ppm (J = 1.8 Hz).  
The aromatic carbon ortho to the aromatic quaternary carbon and the aromatic carbon 
meta to C-F absorptions both appear as a multiplet between 130.08-130.62 ppm.  The 
aromatic quaternary carbon ortho to C-F absorption appears as a doublet at 124.09 ppm (J 
= 16.5 Hz).  The carbonyl absorptions for each isomer appear at 166.46 ppm and 166.78 
ppm.  The aromatic C-F absorption appears as a doublet at 159.05 ppm (J = 243.7 Hz) for 
the trans isomer and a doublet at 159.35 ppm (J = 246.7 Hz) for the cis isomer, as shown 
in Figure 55.  Predicted and observed 
13
C NMR values for 88 are shown in Figure 56. 
 
 
Figure 56.  Predicted and observed 
13
C NMR values for 






H dec.) NMR spectrum (Figure 152) of 88, the absorption 
corresponding to the trans-isomer appears at -114.40 δ and the absorption corresponding 
to the cis-isomer appears at -114.63 δ.  The ratio of trans:cis is 2:1, which is in agreement 
with the 2:1 ratio observed in the 
1






dec.) NMR spectrum is shown in Figure 57.  A summary of physical and spectral 
properties for 88 can be found in Table 20. 
 




H dec.) NMR spectrum (CDCl3) of 88. 














































6.88-7.04 (m, 6H, 
Ar CH), 7.17-7.25 
(m, 2H, Ar CH), 
8.27 and 8.22 (s, 
2H, Ar CH) 
 
114.85, 115.39, 123.40, 
123.43, 123.82, 124.09, 
130.08-130.62, 131.40, 
136.99, 137.30, 139.21, 
139.56, 159.05, 159.35, 
166.46, 166.78 
 
-114.40 (s),        
-114.63 (s) 
 
The reaction of 5-hexyl-2,3-di(2-fluorophenyl)-1,4-benzenedicarboxylic acid 86 
with thionyl chloride produced 5-hexyl-2,3-di(2-fluorophenyl)terephthaloyl dichloride 89 









F NMR.  Because of the asymmetry created by the hexyl substituent, four isomers 
(see Figure 27) are generated for the diastereomers (trans/cis).  In some spectra, signals 
corresponding to all four isomers are visible. 
 
           86    89 
 In the IR spectrum (Figure 153) of 89, the aromatic C-H stretch appears at 2929 
cm
-1
, aliphatic C-H stretch appears at 2858 cm
-1
, acid chloride carbonyl absorption 
appears at 1782 cm
-1
 and the aromatic C=C absorption appears at 1616 cm
-1
. 
 In the 
1
H NMR spectrum (Figure 154) of 89, a triplet absorption appears at 0.94 δ 
(J = 6.9 Hz) corresponding to the methyl protons (3H) of the hexyl chain.  The aliphatic 
methylene proton (2H) absorption of the hexyl chain adjacent to the central benzene ring 
(RCH2(CH2)4CH3) appears as a triplet at 2.85 δ (J = 8.1 Hz).  The next aliphatic 
methylene protons (2H) of the hexyl chain (RCH2CH2(CH2)3CH3) absorption appears as 
a quintet at 1.80 δ (J = 7.5 Hz).  The remaining aliphatic methylene protons (6H) of the 
hexyl chain (R(CH2)2(CH2)3CH3) absorption appears as a multiplet between 1.37-1.51 δ.  
The aromatic carbon protons (8H) of the fluorinated phenyl rings absorption appears as a 
multiplet between 6.89-7.26 δ.  The aromatic carbon proton (1H) of the central benzene 
ring absorption appears as a singlet at 8.10 δ. 
 In the 
13
C NMR spectrum (Figure 155) of 89, the methyl absorption of the hexyl 
chain appears at 14.02 ppm.  The aliphatic methylene absorptions of the hexyl chain 
appear at 33.24 ppm (RCH2(CH2)4CH3), 30.74 ppm (RCH2CH2(CH2)3CH3), 31.47 ppm 
 117 
(R(CH2)3CH2CH2CH3), 29.16 ppm (R(CH2)2CH2(CH2)2CH3) and 22.52 ppm 
(R(CH2)4CH2CH3). Absorptions corresponding to the aliphatic methylenes of the hexyl 
chain for the cis-isomer appear at 33.27 ppm (RCH2(CH2)4CH3) and 30.78 ppm 
(RCH2CH2(CH2)3CH3). 
Four absorptions appear for acid chloride carbonyls, a pair for each diastereomer 
(trans/cis).  The trans carbonyl absorptions appear at 168.25 ppm and 166.58 ppm.  The 
cis carbonyl absorptions appear at 168.43 ppm and 166.81 ppm.  Four doublet 
absorptions appear for the C-F coupling, a pair for each diastereomer (trans/cis) as shown 
in Figure 58.  The C-F coupling for the trans isomer appears as a doublet at 159.17 ppm 
(J = 246.0 Hz) and another at 159.01 ppm (J = 243.7 Hz).  The C-F coupling for the cis 
isomer appears as a doublet at 159.62 ppm (J = 245.2 Hz) and another at 159.42 (J = 
247.5 Hz). 
 
Figure 58.  Expanded 75 MHz 
13
C NMR spectrum (CDCl3) of 89. 
C-F coupling 
Carbonyls 
2 doublets for trans     
2 doublets for cis 
2 peaks for trans    
2 peaks for cis 
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The aromatic carbon ortho to C-F absorption appears as a doublet at 114.79 ppm 
(J = 21.7 Hz) and another at 115.08 ppm (J = 21.0 Hz) for the trans isomer.  For the cis 
isomer, a doublet absorption appears at 115.29 ppm (J = 17.2 Hz) and another at 115.58 
ppm (J = 17.2 Hz).  The aromatic carbon meta to C-F absorption appears as a doublet at 
131.07 ppm (J = 8.2 Hz) and another at 130.34 ppm (J = 8.2 Hz) for the trans isomer.  
For the cis isomer, a doublet absorption appears at 130.12 ppm (J = 6.8 Hz) and another 
at 130.97 ppm (J = 8.2 Hz).  The aromatic carbon para to C-F absorption appears as a 
doublet at 123.79 ppm (J = 3.7 Hz) and another at 123.74 ppm (J = 4.5 Hz) for the trans 
isomer.  For the cis isomer, a doublet absorption appears at 123.25 ppm (J = 3.7 Hz) and 
another at 123.20 ppm (J = 3.7 Hz).  The aromatic carbon ortho to the aromatic 
quaternary carbon appears as a doublet at 131.48 ppm (J = 3.0 Hz) and a doublet at 
132.25 ppm (J = 2.2 Hz) for trans.  For cis, a peak appears at 131.57 ppm and 130.56 
ppm.  The aromatic quaternary carbon ortho to C-F absorption appears as a doublet at 
124.20 ppm (J = 16.5 Hz) and another at 123.75 ppm (J = 15.8 Hz) for the trans isomer.  
The aromatic carbon of the central benzene ring absorption appears at 132.12 ppm for the 
trans isomer and at 130.74 ppm for the cis isomer.  The remaining aromatic quaternary 
carbons of the central benzene ring are shown in Figure 59 for trans and cis with 
observed and predicted 
13
C NMR values for compound 89.  A summary of 
13
C NMR 
values for each isomer of 89 is shown in Table 21. 
Table 21.  Summary of 
13
C NMR isomer data of 89. 
Trans (ppm) Cis (ppm) 
 
14.02, 22.52, 29.16, 30.74, 31.47, 33.24, 114.79, 
115.08, 123.74, 123.75, 123.79, 124.20, 130.34, 
131.07, 131.48, 132.12, 132.25, 133.70, 134.59, 
136.50, 138.44, 142.91, 159.01, 159.17, 168.25, 
168.43 
 
30.78, 33.27, 115.29, 115.58, 123.20, 123.25, 
130.12, 130.56, 130.97, 131.57, 132.09, 133.52, 





Figure 59.  Predicted and observed 
13
C NMR values for 89 trans and cis-isomers 








H dec.) NMR spectrum (Figure 156), singlets appear at -112.28 δ and 
-114.42 δ corresponding to the trans-isomer.  A doublet at -112.67 δ (J(F,F) = 10.5 Hz) 
and a doublet at -115.27 δ (J(F,F) = 10.3 Hz) appear corresponding to the F-F through-
space coupling of the cis-isomer.  The calculated dFF is 328.8 pm with a J(F,F) = 8.39 




H dec.) NMR 
spectrum is shown in Figure 60.  A summary of physical and spectral properties for 89 
can be found in Table 22. 
 
 




H dec.) NMR spectrum (CDCl3) of 89. 
 
J(F,F) = 10.5 Hz 
J(F,F) = 10.3 Hz 
Ratio 3:1 (trans:cis) 
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H NMR (δ) 
(CDCl3) 
13
































0.94 (t, 3H, J = 6.9 
Hz, CH3), 1.37-
1.51 (m, 6H, 
R(CH2)2(CH2)3CH
3), 1.80 (qt, 2H, J 
= 7.5 Hz, 
RCH2CH2(CH2)3C
H3), 2.85 (t, 2H, J 
= 8.1 Hz, 
RCH2(CH2)4CH3), 
6.89-7.26 (m, 8H, 
Ar CH), 8.10 (s, 
1H, Ar CH) 
 
14.02, 22.52, 29.16, 
30.74, 30.78, 31.47, 
33.24, 33.27, 114.79, 
115.08, 115.29, 115.58, 
123.20, 123.25, 123.74, 
123.75, 123.79, 124.20, 
130.13, 130.34, 130.56, 
130.74, 130.97, 131.07, 
131.48, 131.57, 132.12, 
132.25, 133.52, 133.70, 
134.36, 134.59, 136.50, 
136.62, 138.44, 138.52, 
142.91, 143.19, 159.01, 
159.17, 159.42, 159.62, 
166.58, 168.25, 168.43, 
168.81 
 
-112.28 (s),          
-112.67 (d, 
J(F,F) = 10.5 
Hz), -114.42 
(s), -115.27 (d, 
J(F,F) = 10.3 
Hz) 
 
The reaction of 5-(2-(4-benzothiazolyl)phenyl)-2,3-di(2-fluorophenyl)-1,4-
benzenedicarboxylic acid 87 with thionyl chloride was carried out to produce 5-(2-(4-
benzothiazolyl)phenyl)-2,3-di(2-fluorophenyl)terephthaloyl dichloride 90 in 61% yield.  




C NMR and 
19
F 
NMR.  Because of the asymmetry created by the 2-(4-benzothiazolyl)phenyl substituent, 
four isomers (see Figure 27) are generated for the diastereomers (tans/cis).  In some 
spectra, signals corresponding to all four isomers are visible. 
 
            87      90 
 In the IR spectrum (Figure 157) of 90, the aromatic C-H stretch absorbs at 3061 
cm
-1
, acid chloride carbonyl absorbs at 1774 cm
-1





 In the 
1
H NMR spectrum (Figure 158) of 90, a multiplet absorption appears 
between 6.92-7.28 δ corresponding to the aromatic protons (8H) of the two fluorinated 
phenyl rings.  Two triplets absorptions appear at 7.44 δ (J = 7.5 Hz) and 7.55 δ (J = 7.5 
Hz) corresponding to the aromatic protons (2H) meta to the quaternary carbons of the 
benzothiazole.  A doublet absorption appears at 8.27 δ (J = 7.2 Hz) corresponding to the 
aromatic protons (2H) ortho to the quaternary carbons of the benzothiazole.  Four doublet 
absorptions appear at 7.69 δ (J = 8.4 Hz), 7.70 δ (J = 8.1 Hz), 7.96 δ (J = 8.1 Hz) and 8.13 
δ (J = 8.1 Hz) corresponding to the aromatic protons (4H) of the pendent phenyl ring at 
the 5-position of the central benzene ring.  The aromatic proton (1H) of the central 
benzene ring absorption appears as a singlet at 8.29 δ.  The expanded aromatic region 
1
H 
NMR is shown in Figure 61. 
 
Figure 61.  Expanded 300 MHz 
1




C NMR spectrum (Figure 159) of 90, the aromatic carbon ortho to C-F 
absorption appears as a doublet at 114.92 ppm (J = 21.0 Hz) and another at 115.13 ppm 
(J = 21.7 Hz) for the trans isomer. For the cis isomer, a doublet absorption appears at 
115.73 ppm (J = 21.7 Hz) and another at 115.63 ppm (J = 21.7 Hz).  The aromatic carbon 
meta to C-F absorption appears as a doublet at 130.64 ppm (J = 8.2 Hz) and another at 
131.23 ppm (J = 8.2 Hz) for the trans isomer.  For the cis isomer, a doublet absorption 
appears at 131.13 ppm (J = 6.7 Hz) and another at 130.43 ppm (J = 8.2 Hz).  The 
aromatic carbon para to C-F absorption appears as a doublet at 123.40 ppm (J = 3.7 Hz) 
and another at 123.64 ppm (J = 3.7 Hz) for the trans isomer.  For the cis isomer, a 
doublet absorption appears at 123.88 ppm (J = 1.5 Hz) and another at 123.91 ppm (J = 
2.2 Hz).  The aromatic carbon ortho to the aromatic quaternary carbon absorption appears 
as a doublet at 132.08 ppm (J = 2.2 Hz) and another at 131.38 ppm (J = 2.2 Hz) for the 
trans isomer.  For the cis isomer, a doublet absorption appears at 132.42 ppm (J = 3.7 
Hz).  The aromatic quaternary carbon ortho to C-F absorption appears as a doublet at 
123.09 ppm (J = 16.5 Hz) and another at 123.02 ppm (J = 16.5 Hz) for the trans isomer.  
The cis isomer absorption appears as a broad singlet at 124.10 ppm.  The aromatic carbon 
of the central benzene ring absorption appears at 131.29 ppm for the trans isomer and at 
130.38 ppm for the cis isomer.  Two absorptions appear for the carbonyls of the trans 
isomer at 166.35 ppm and 167.96 ppm.  The carbonyl absorptions of the cis isomer 
appear at 166.57 ppm and 168.05 ppm.  Two doublet absorptions appear for the aromatic 
C-F for the trans isomer at 158.95 ppm (J = 243.7 Hz) and 159.22 ppm (J = 245.2 Hz).  
For the cis isomer, two doublet absorptions appear at 159.47 ppm (J = 247.5 Hz) and 
159.56 ppm (J = 246.0 Hz).  The expanded aromatic C-F region is shown in Figure 62.  
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The remaining quaternary carbons of the central benzene ring and the carbons associated 
with the 2-(4-benzothiazolyl)phenyl with predicted and observed 
13
C NMR values of 90 
are shown in Figure 63 for trans and cis.  A summary of 
13
C NMR values for each 
isomer of 90 is shown in Table 23. 
Table 23.  Summary of 
13
C NMR isomer data of 90. 
Trans (ppm) Cis (ppm) 
 
114.92, 115.13, 121.74, 123.02, 123.09, 
123.40, 123.48, 123.64, 125.57, 126.56, 
128.19, 129.70, 130.64, 131.23, 131.29, 
131.38, 132.08, 134.37, 134.74, 135.18, 
136.35, 136.91, 137.79, 139.39, 142.11, 
154.10, 158.95, 159.22, 166.35, 166.77, 
167.96 
 
115.63, 115.73, 123.88, 123.91, 124.10, 
130.38, 130.43, 131.13, 132.42, 134.50, 
136.11, 137.04, 137.83, 142.36, 159.47, 
159.56, 166.57, 168.05 
 
 
Figure 62.  Expanded 75 MHz 
13
C NMR spectrum (CDCl3) of 90. 
C-F  coupling  2 doublets for trans                  




Figure 63.  Predicted and observed 
13
C NMR values for 90 trans and cis-isomers 








H dec.) NMR spectrum (Figure 160) of 90, two singlet absorptions 
appear at -112.16 δ and -114.14 δ corresponding to the trans-isomer.  Two doublet 
absorptions appear at -112.60 δ (J(F,F) = 11.0 Hz) and -115.01 δ (J(F,F) = 10.4 Hz) 
corresponding to F,F through-space coupling for the cis-isomer.  The calculated dFF is 




H dec.) NMR spectrum is shown 








H dec.) NMR spectrum (CDCl3) of 90.  
Ratio 2:1 (trans:cis) 
J(F,F) = 11.0 Hz 
J(F,F) = 10.4 Hz 
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13



































8H, Ar CH), 7.44 
(t, 1H, J = 7.5 
Hz, Ar CH), 7.55 
(t, 1H, J = 7.5 
Hz, Ar CH), 7.69 
(d, 1H, J = 8.4 
Hz, Ar CH), 7.70 
(d, 1H, J = 8.1 
Hz, Ar CH), 7.96 
(d, 1H, J = 8.1 
Hz, Ar CH), 7.96 
(d, 1H, J = 8.1 
Hz, Ar CH), 8.13 
(d, 1H, J = 8.1 
Hz, Ar CH), 8.27 
(d, 2H, J = 7.2 
Hz, Ar CH), 8.29 
(s, 1H, Ar CH) 
 
114.92, 115.13, 115.63, 
115.73, 121.74, 123.02, 
123.09, 123.40, 123.48, 
123.64, 123.88, 123.91, 
124.10, 125.57, 126.56, 
128.19, 129.70, 130.38, 
130.43, 130.64, 131.13, 
131.23, 131.29, 131.38, 
132.08, 132.42, 134.37, 
134.50, 134.74, 135.18, 
136.11, 136.35, 136.91, 
137.04, 137.79, 137.83, 
139.39, 142.11, 142.36, 
154.10, 158.95, 159.22, 
159.47, 159.56, 166.35, 
166.57, 166.77, 167.96, 
168.05 
 
-112.16 (s),        
-112.60 (d, 
J(F,F) = 11.0 
Hz), -114.14 
(s), -115.01 (d, 




 The synthesis of 5,8-dioxo-5,8-dihydro-1,12-difluoroindeno[2,1-c]fluorene 91, 
was pursued by two different synthetic pathways. 
 
      91     85      91 
    
88 
 128 
 In the first attempt, sulfuric acid
3,4
  was used to convert 2,3-di(2-fluorophenyl)-
1,4-benzenedicarboxylic acid 85 to 5,8-dioxo-5,8-dihydro-1,12-diluoroindeno[2,1-
c]fluorene 91 via an intramolecular Friedel-Crafts acylation.  The reaction proved to be 
unsuccessful. 
 In a second attempt, the diacid 85 was reacted with thionyl chloride which was 
unpurified and old, to produce 5,8-dioxo-5,8-dihydro-1,12-diluoroindeno[2,1-c]fluorene 
91 in 64% yield via an intramolecular Friedel-Crafts acylation.  It may be assumed that 
the degraded thionyl chloride was contaminated with HCl and SO2 which helped catalyze 
this reaction to yield the diketone 91 directly.  In an attempt to reproduce these findings, 
the reaction of diacid 85 with freshly opened thionyl chloride produced 2,3-di(2-
fluorophenyl)terephthaloyl dichloride 88 in 98% yield instead of the diketone 91.  The 
intramolecular Friedel-Crafts acylation of 2,3-di(2-fluorophenyl)terephthaloyl dichloride 
88 with aluminum chloride produced 5,8-dioxo-5,8-dihydro-1,12-diluoroindeno[2,1-






 In the IR spectrum (Figure 161 and 162) of 91, the aromatic C-H stretch absorbs 
at 3032 cm
-1
, the ketone carbonyl absorbs at 1716 cm
-1
 and the aromatic C=C absorbs at 
1603 cm
-1
.  It is clear from the IR overlay in Figure 65 that ketone 91 was formed by the 
synthetic pathways using either AlCl3 or old/undistilled SOCl2. An absorption at 1716 
cm
-1
 for the ketone carbonyl can be compared to the absorption of the acid chloride 
carbonyl at 1774 cm
-1
. 
 In the 
1
H NMR spectrum (Figure 163 and 164) of 91, the aromatic protons (2H) 
corresponding to the central benzene ring appear as a singlet absorption at 7.76 δ.  The 
 129 
aromatic protons (2H) of the fluorinated phenyl ring para to C-F appear as a doublet 
absorption at 7.70 δ (J = 7.2 Hz).  The aromatic proton absorption (2H) of the fluorinated 
phenyl ring meta to C-F appear as a multiplet absorption between 7.37-7.43 δ.  The 
aromatic protons (2H) of the fluorinated phenyl ring ortho to C-F appear as a multiplet 
absorption between 7.48-7.54 δ.  The expanded aromatic 
1
H NMR spectrum of 91 is 
shown in Figure 66. 
 
Figure 65.  IR spectrum (NaCl) overlay of 91 and 88. 
 130 
 
Figure 66.  Expanded 300 MHz 
1
H NMR spectrum (CDCl3/TFA) of 91. 
 In the 
13
C NMR spectrum (Figure 165 and 166) of 91, the ketone carbonyl 
absorption is observed at 194.80 ppm and the C-F coupling is observed as a doublet 
absorption at 158.00 ppm (J = 256.5 Hz).  The aromatic CH on the central benzene ring 
absorption is observed at 125.67 ppm.  A single absorption appears at 121.71 ppm 
corresponding to the aromatic carbon para to C-F.  A triplet absorption appears at 132.42 
ppm (J = 3.7 Hz) corresponding to the aromatic carbon meta to C-F.  A triplet absorption 
appears at 124.99 ppm (J = 11.2 Hz) corresponding to the aromatic carbon ortho to C-F.  
These splitting patterns observed for the meta and ortho carbons is due to C-F coupling 
on the phenyl ring and C-F through-space coupling.  The remaining quaternary carbons 
are shown in the expanded aromatic region of the 
13
C NMR spectrum in Figure 67.  The 
 131 
predicted and observed 
13
C NMR values for 91 is shown in Figure 68.  A summary of 
physical and spectral properties for 91 can be found in Table 25.   
  
Figure 67.  Expanded 75 MHz 
13
C NMR spectrum (CDCl3/TFA) of 91. 
 
 
Figure 68.  Predicted and observed 
13
C NMR values of 91. 
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2H, Ar CH), 
7.46-7.52 (m, 
2H, Ar CH), 7.67 
(d, 2H, J = 7.2 
Hz, Ar CH), 7.73 
(s, 2H, Ar CH) 
 
121.79, 124.85, 125.79, 
130.83, 132.52, 136.53, 























2H, Ar CH), 
7.48-7.54 (m, 
2H, Ar CH), 7.70 
(d, 2H, J = 7.2 
Hz, Ar CH), 7.76 
(s, 2H, Ar CH) 
 
121.71, 124.99, 125.67, 
130.78, 132.42, 136.28, 




 The preparation of 5,8-dioxo-5,8-dihydro-6-hexyl-1,12-difluoroindeno[2,1-
c]fluorene 92 was pursued using two different synthetic pathways. 
 In the first attempt, diethyl 5-hexyl-2,3-di(2-fluorophenyl)terephthalate 77 was 
reacted with sulfuric acid
3, 4
 but failed to produce 5,8-dioxo-5,8-dihydro-6-hexyl-1,12-
difluoroindeno[2,1-c]fluorene 92 via an intramolecular Friedel-Crafts acylation.   
 In an second attempt, 5-hexyl-2,3-di(2-fluorophenyl)-1,4-benzenedicarboxylic 
acid 86 was reacted with thionyl chloride that appeared to be degraded and produced 5,8-
dioxo-5,8-dihydro-6-hexyl-1,12-difluoroindeno[2,1-c]fluorene 92 in 55% yield via an 
intramolecular Friedel-Crafts acylation.  It may be assumed that the degraded thionyl 
chloride was contaminated with HCl and SO2 which helped catalyze this reaction.  In an 
attempt to reproduce these findings, fresh thionyl chloride was used to convert 5-hexyl-
 133 
2,3-di(2-fluorophenyl)-1,4-benzenedicarboxylic acid 86 to 5-hexyl-2,3-di(2-
fluorophenyl)terephthaloyl dichloride 89 in quantitative yield instead of producing the 
hexyl diketone 92.  The intramolecular Friedel-Crafts acylation of 5-hexyl-2,3-di(2-
fluorophenyl)terephthaloyl dichloride 89 with aluminum chloride produced 5,8-dioxo-
5,8-dihydro-6-hexyl-1,12-difluoroindeno[2,1-c]fluorene 92 in 73% yield.  The compound 










            77                  86 
 
 
     92                   89 
 
 In the IR spectrum (Figure 167 and 168) of 92, the aromatic C-H stretch absorbs 
at 2927 cm
-1
, the aliphatic C-H stretch absorbs at 2856 cm
-1
, the ketone carbonyl absorbs 
at 1713 cm
-1
 and the aromatic C=C absorbs at 1606 cm
-1
.  It is clear from the IR overlay 
in Figure 69 that the ketones were formed from the synthetic pathways using either AlCl3 
 134 
or old/undistilled SOCl2 with an absorption at 1716 cm
-1
 for the ketone carbonyl 





Figure 69.  IR spectrum (NaCl) overlay of 92 and 89. 
 In the 
1
H NMR spectrum (Figure 169 and 170) of 92, a triplet absorption appears 
at 0.80 δ (J = 6.9 Hz) corresponding to the methyl protons (3H) of the hexyl chain.  The 
aliphatic methylene protons (2H) of the hexyl chain adjacent to the central benzene ring 
(RCH2(CH2)4CH3) appear as a triplet absorption at 2.99 δ (J = 8.0 Hz).  The next 
aliphatic methylene protons (2H) of the hexyl chain (RCH2CH2(CH2)3CH3) appear as a 
multiplet absorption between 1.48-1.58 δ.  The remaining aliphatic methylene protons 
 135 
(6H) of the hexyl chain (R(CH2)2(CH2)3CH3) appear as a multiplet absorption between 
1.22-1.34 δ.  The aromatic protons (2H) para to C-F absorption appears as two doublets 
(d,d) at 7.61 δ (J = 7.2 Hz).  The aromatic protons (2H) meta to C-F absorption appears as 
a multiplet between 7.11-1.18 δ.  The aromatic protons (2H) ortho to C-F absorption 
appears as a multiplet between 7.24-7.32 δ.  The aromatic proton (1H) of the central 
benzene ring absorption appears as a singlet at 7.39 δ.  The expanded aromatic 
1
H NMR 
spectrum of 92 is shown in Figure 70. 
 
Figure 70.  Expanded 300 MHz 
1
H NMR spectrum (CDCl3) of 92.  
In the 
13
C NMR spectrum (Figure 171 and 172) of 92, the methyl of the hexyl 
chain absorption appears at 14.05 ppm.  The aliphatic methylenes of the hexyl chain 




31.07 ppm (R(CH2)3CH2CH2CH3), 29.21 ppm (R(CH2)2CH2(CH2)2CH3) and 22.56 ppm 
(R(CH2)4CH2CH3).   
 There are two possible conformations of 92 as seen in Figure 71 with different 
orientations of the fluorine atoms. 
              
Figure 71.  Conformations of 92. 
In the expanded carbonyl and C-F region of the 
13
C NMR spectrum (Figure 72), 
four ketone carbonyl absorptions are observed, two for each conformation, with 
absorptions at 191.61 ppm and 190.91 ppm for one conformation and absorptions at 
191.58 ppm and 190.88 ppm for the other conformation.  Only two doublet absorptions 
are observed for the aromatic C-F at 157.73 ppm (J = 254.6 Hz) and 157.69 ppm (J = 
254.1 Hz).   
 Six aromatic carbon absorptions (three for each fluorinated ring) show the 
occurrence of the two possible conformations in the 
13
C NMR spectrum.  The aromatic 
carbon (C7) para to C-F is observed as four doublet absorptions (two for each 
conformation) with two doublets (one for each ring) at 123.27 ppm (J = 3.0 Hz) and 
123.01 (J = 3.0 Hz) for one conformation and two doublets (one for each ring) at 122.80 
ppm (J = 2.2 Hz) and 122.53 ppm (J = 2.2 Hz) for the other conformation.  The aromatic 
quaternary carbon (C5) ortho to C-F is observed as four doublet absorptions (two for each 
conformation) with two doublets (one for each ring) at 131.22 ppm (J = 3.7 Hz) and 
131.05 ppm (J = 2.2 Hz) for one conformation and two doublets (one for each ring) at 
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130.09 ppm (J = 2.2 Hz) and 129.29 ppm (J = 2.2 Hz) for the other conformation.  The 
aromatic quaternary carbon (C6) meta to C-F is observed as four absorptions (two for 
each conformation) with two absorptions (one for each ring) at 137.59 ppm and 137.44 
ppm for one conformation and two absorptions (one for each ring) at 137.55 ppm and 
137.40 ppm for the other conformation. 
 
Figure 72.  Expanded ketone carbonyl and C-F region 
75 MHz 
13
C NMR spectrum (CDCl3) of 92. 
 
 The aromatic CH (C2) absorption of the central benzene ring is observed at 
126.81 ppm.  The aromatic carbon (C8) meta to C-F absorption is observed as two 
doublets (one for each ring) at 131.61 ppm (J = 6.0 Hz) and 131.36 ppm (J = 6.0 Hz).  
The aromatic carbon (C10) ortho to C-F absorption is observed as two doublets (one for 
each ring) at 120.35 ppm (J = 22.7 Hz) and 120.32 ppm (J = 27.7 Hz).  The remaining 
quaternary carbons are shown in the expanded aromatic region 
13
C NMR spectrum in 
C-F    J = 254.1 Hz 
C-F    J = 254.6 Hz 
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Figure 73.  The predicted and observed 
13
C NMR values for 92 are shown in Figure 75 
with labels for the two conformations. 
 
Figure 73.  Expanded 75 MHz 
13
C NMR spectrum (CDCl3) of 92.  
 













































Figure 75.  Predicted and observed 
13
C NMR values of 92 where 
(A/B) denotes values for each fluorinated phenyl ring.  
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H dec.) NMR spectrum (Figure 173) of 92, a doublet of doublets 




F through-space coupling at -108.97 δ (J(F,F) = 





H dec.) NMR spectrum is shown in Figure 74.  A summary of physical 
and spectral properties for 92 can be found in Table 26. 
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0.90 (t, 3H, J = 6.9 
Hz, CH3), 1.32-
1.45 (m, 6H, 
R(CH2)2(CH2)3CH
3), 1.61-1.71 (m, 
2H, 
RCH2CH2(CH2)3C
H3), 3.14 (t, 2H, J 
= 8.0 Hz, 
RCH2(CH2)4CH3), 
7.29-7.32 (m, 2H, 
Ar CH), 7.38-7.45 
(m, 2H, Ar CH), 
7.45 (s, 1H, Ar 
CH), 7.61 (d,d, J = 
7.2 Hz, Ar CH) 
 
14.21, 22.96, 29.56, 
30.69, 31.34, 32.03, 
120.54, 120.57, 122.80, 
123.07, 123.28, 123.54, 
127.03, 130.24, 130.41, 
131.35, 131.52, 131.87, 
132.12, 133.96, 136.98, 
137.18, 137.82, 137.87, 
138.00, 138.03, 140.43, 
146.52, 158.09, 158.11, 
































0.80 (t, 3H, J = 6.9 
Hz, CH3), 1.22-
1.34 (m, 6H, 
R(CH2)2(CH2)3CH
3), 1.48-1.58 (m, 
2H, 
RCH2CH2(CH2)3C
H3), 2.99 (t, 2H, J 
= 8.0 Hz, 
RCH2(CH2)4CH3), 
7.11-7.18 (m, 2H, 
Ar CH), 7.24-7.32 
(m, 2H, Ar CH), 
7.39 (s, 1H, Ar 
CH), 7.47 (d,d, J = 
7.2 Hz, Ar CH) 
 
14.05, 22.56, 29.21, 
30.34, 31.07, 31.62, 
120.32, 120.35, 122.53, 
122.80, 123.01, 123.27, 
126.81, 129.93, 130.09, 
131.05, 131.22, 131.61, 
131.61, 133.64, 136.60, 
136.87, 137.40, 137.44, 
137.55, 137.59, 140.06, 
146.21, 157.69, 157.73, 








 The reaction of 5-(2-(4-benzothiazolyl)phenyl)-2,3-di(2-fluorophenyl)-
terephthaloyl dichloride 90 with aluminum chloride produced 5,8-dioxo-5,8-dihydro-6-
 141 
(2-(4-benzothiazolyl)phenyl)-1,12-difluoroindeno[2,1-c]fluorene 93 in 28% yield.  The 
compound 93 was characterized by melting point, IR, 
1




  90                    93 
 In the IR spectrum (Figure 174) of 93, the aromatic C-H stretch absorbs at 3051 
cm
-1
 and the ketone carbonyl absorbs at 1714 cm
-1
. 
 In the 
1
H NMR spectrum (Figure 175) of 93, two multiplet absorptions appear 
between 8.19-8.42 δ and 7.83-8.08 δ corresponding to the aromatic protons (8H) of the 2-
(4-benzothiazolyl)phenyl substituent.  A singlet absorption is observed at 7.70 δ 
corresponding to the aromatic proton (1H) of the central benzene ring.  A multiplet 
absorption is observed between 7.10-7.63 δ corresponding to the aromatic protons (6H) 
of the two fluorinated phenyl rings. 
 In the 
13
C NMR spectrum (Figure 176) of 93, the aromatic C-F absorption is 
observed as two doublets at 158.18 ppm (J = 256.5 Hz) and 158.29 ppm (J = 248.2 Hz).  
At 156.47 ppm, a triplet is observed (highlighted in red) which appears to be associated 
with a doublet of triplets.  This may be caused by a through-space coupling of the 
aromatic C-F carbon with the adjacent phenyl ring‟s C-F fluorine.  The expanded C-F 
region is shown in Figure 76. 
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Figure 76.  Expanded 75 MHz 
13
C NMR spectrum (CDCl3/TFA) of 93. 
There are two possible conformations of 93 as seen in Figure 77 with different 
orientations of the fluorine atoms.  With these two possible orientations, multiple 
absorptions are observed for some carbons in the 
13
C NMR with absorptions 
corresponding to each conformation.  For example, four ketone carbonyl absorptions are 
observed (two for each conformation) at 191.83 ppm, 193.42 ppm, 194.07 ppm and 
194.68 ppm.   
 
Figure 77.  Conformations of 93. 
256.5 Hz 
248.25 Hz 4.5 Hz 
4.2 Hz 
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 Most of the quaternary carbons of 93 are observed as two absorptions, one for 
each conformation.  A tentative assignment of the absorptions is shown in Figure 78.  
More study is needed to accurately assign the corresponding absorptions.  A summary of 
physical and spectral properties of 93 can be found in Table 27. 
 
Figure 78.  Predicted and observed 
13
C NMR values of 93 where 
(A/B) denotes values for each fluorinated phenyl ring. 
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7.10-7.63 (m, 6H, 
Ar CH), 7.70 (s, 
1H, Ar CH), 7.83-
8.08 (m, 4H, Ar 
CH), 8.19-8.42 
(m, 4H, Ar CH) 
 
117.52-117.77, 121.46, 121.81, 122.69, 
123.13, 123.84, 125.31-125.01, 126.99, 
127.74, 128.14, 129.43, 130.94, 131.07, 
132.80, 135.22, 135.94, 136.16, 136.34, 
136.55, 137.07,137.60, 138.10, 140.15, 
140.39, 140.68, 140.94, 144.14, 145.03, 
146.10, 148.72, 155.15, 156.47, 158.18, 
158.29, 158.62, 172.42, 173.82, 191.83, 
193.42, 194.07, 194.68 
 
1,4-Di(hydroxymethyl)-2,3-di(2-fluorophenyl)benzene and Derivatives. 
 The reduction of diethyl 2,3-di(2-fluorophenyl)terephthalate 76 with LiAlH4 
yielded 1,4-di(hydroxymethyl)-2,3-di(2-fluorophenyl)benzene 94 in 76% yield.   






F NMR and 
GC/MS. 
 
          76                        94 
 In the IR spectrum (Figure 177) of 94, the OH stretch absorbs as a broad 
absorption between 3000-3500 cm
-1
, the aromatic C-H stretch absorbs at 2922 cm
-1
 and 




 In the 
1
H NMR spectrum (Figure 178) of 94, a multiplet absorption is observed 
between 4.41-4.54 δ corresponding to the aliphatic methylene protons (4H) (CH2OH).  
The multiplet absorption observed for the cis and trans diastereomers may be caused by 
two factors 1) the two hydrogens of the CH2OH are  not equivalent and therefore split 




F coupling.  The aromatic protons 
(8H) of the fluorinated phenyl rings appear as a multiplet absorption between 6.89-7.71 δ.  
The aromatic protons (2H) of the central benzene ring appear as two singlet absorptions 
at 7.70 δ and 7.71 δ with a ratio of 2:1 (trans:cis, respectively).  The expanded 
1
H NMR 
spectrum is shown in Figure 79. 
 
Figure 79.  Expanded 300 MHz 
1
H NMR spectrum (CDCl3) of 94. 
 To determine the absorption of the OH proton in the 
1
H NMR spectrum, a D2O 
exchange experiment was conducted.  In Figure 80, the peak at 1.59 δ shrinks once D2O 
is added to the CDCl3 solution, exchanging a proton for a deuterium.  Therefore, it may 




Figure 80.  D2O exchange experiment of 94 (300 MHz 
1
H NMR spectrum (CDCl3)). 
 
 In the 
13
C NMR spectrum (Figure 179) of 94, the aromatic carbon ortho to C-F is 
observed as a doublet absorption at 115.51 ppm (J = 21.7Hz) corresponding to the trans-
isomer.  For the cis-isomer, a six line pattern appears (115.49, 115.57, 115.66, 115.78, 
115.86 and 115.94 δ) as referred to earlier in the Historical.
13
  A doublet absorption 
appears at 124.53 ppm (J = 3.7 Hz) corresponding to the aromatic carbon para to C-F for 
the trans-isomer.  A triplet absorption appears at 124.10 ppm (J = 1.8 Hz) for the cis-
isomer.  The aromatic CH of the central benzene ring is observed as an absorption at 
127.25 ppm for the trans isomer and 127.30 ppm for the cis isomer.  A doublet 
absorption appears at 130.24 ppm (J = 7.5 Hz) corresponding to the aromatic carbon meta 
to C-F for the trans-isomer.  A triplet absorption appears at 129.99 ppm (J = 4.1 Hz) for 
the cis-isomer.  The aromatic quaternary carbon ortho to C-F absorption appears at 




aromatic carbon meta to the aromatic quaternary carbon is observed as a doublet 
absorption at 132.05 ppm (J = 3.7 Hz) for the trans-isomer.  The cis-isomer is observed 
as a triplet absorption at 133.50 Hz (J = 1.5 Hz).  A doublet appears at 160.20 ppm (J = 
241.5 Hz) for the C-F coupling of the trans-isomer and a doublet appears at 160.54 ppm 
(J = 243.7 Hz) for the C-F coupling of the cis-isomer.  Two absorptions appear for the 
aliphatic carbon (CH2OH) at 62.53 ppm for the trans isomer and 62.41 ppm for the cis 
isomer  The expanded 
13
C NMR spectrum is shown in Figure 81.  The predicted and 
observed 
13
C NMR values for 94 are shown in Figure 82.  
 
Figure 81.  Expanded 75 MHz 
13





Figure 82.  Predicted and observed 
13
C NMR values of 









H dec.) NMR spectrum (Acetone-d6) of 94. 
 









H dec.) NMR spectrum (Figure 180) of 94, two absorptions are 
observed at -114.64 δ and -114.85 δ for the trans isomer and cis isomer, respectively.  
There is an extra shoulder absorption at -114.64 δ which may correspond to a  
configuration in which the fluorine is through-space hydrogen bonding to the hydrogen of 
the diol but it is unclear at this time.  A D2O exchange may confirm this possible H-F 
through-space hydrogen bonding.  The ratio of trans:cis is 2:1 which agrees with the ratio 
determined in the 
1




H dec.) NMR 
spectrum is shown in Figure 82. 
The mass spectrum (Figure 181) of 94 via GC/MS showed a mass ion peak at 
326.00 m/z compared to the calculated value of 326.11 m/z.  Summary of calculated and 
found values is shown in Table 28.  A summary of physical and spectral properties for 94 
can be found in Table 29. 
 
Table 28.  Mass spectrum data of 94. 
Found (m/z) Calculated (m/z) 
326.00 (100%) 326.11 (100%) 
327.00 (24.5%) 327.12 (21.9%) 
327.90 (1.4%) 328.12 (2.7%) 
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8H, Ar CH), 
7.70 and 7.71 
(s, 2H, Ar CH) 
 
62.41, 62.53, 115.49-
115.94, 115.51, 124.10, 
124.53, 127.25, 127.30, 
127.53, 129.99, 130.24, 
132.05, 133.50, 134.25 , 
134.33, 140.24, 140.27, 
160.20, 160.54 
 




The reduction of diethyl 5-hexyl-2,3-di(2-fluorophenyl)terephthalate 77 with 
LiAlH4 produced 5-hexyl-1,4-di(hydroxymethyl)-2,3-di(2-fluorophenyl)benzene 95 in 







F NMR and GC/MS.  Because of the asymmetry created by the hexyl 
substituent, four isomers (see Figure 27) are generated for the diastereomers (tans/cis).  
In some spectra, signals corresponding to all four isomers are visible. 
 
             77                       95 
 In the IR spectrum (Figure 182) of 95, a broad absorption is observed between 
3500-3000 cm
-1
 corresponding to the OH stretch.  The aromatic C-H stretch absorbs at 
2926 cm
-1
 and the aliphatic C-H stretch absorbs at 2856 cm
-1
. 
 In the 
1
H NMR spectrum (Figure 183) of 95, a triplet absorption appears at 0.93 δ 
(J = 6.9 Hz) corresponding to the methyl protons (3H) of the hexyl chain.  The aliphatic 
methylene protons (2H) of the hexyl chain adjacent to the central benzene ring 
(RCH2(CH2)4CH3) appear as a multiplet absorption between 2.88-2.95 δ.  The next 
aliphatic methylene protons (2H) of the hexyl chain (RCH2CH2(CH2)3CH3) appear as a 
multiplet absorption between 1.71-1.81 δ.  The remaining aliphatic methylene protons 
(6H) of the hexyl chain (R(CH2)2(CH2)3CH3) appear as a multiplet absorption between 
1.36-1.50 δ.   
 151 
 
Figure 84.  Expanded 300 MHz 
1
H NMR spectrum (CDCl3) of 95. 
The aliphatic methylene protons (4H) (CH2OH) appear as a multiplet absorption 
between 4.38-4.53 δ.  The multiplet absorption observed for the cis and trans 
diastereomers may be caused by two factors 1) the two hydrogens of the CH2OH are not 





coupling.  A multiplet absorption is observed between 6.88-7.13 δ corresponding to the 
aromatic protons (8H) of the fluorinated phenyl rings.  Two singlet absorptions are 
observed at 7.55 δ and 7.57 δ with a ratio of 2:1 (trans:cis, respectively) corresponding to 
the aromatic proton (1H) of the central benzene ring.  The expanded 
1
H NMR spectrum is 
shown in Figure 84. 
2:1 (trans:cis) 
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 To determine the absorption of the OH proton in the 
1
H NMR spectrum, a D2O 
exchange experiment was conducted.  In Figure 85, the peak at 1.50 δ shrinks once D2O 
is added to the CDCl3 solution, exchanging a proton for a deuterium.  Therefore, it may 
be assumed the OH absorption and water are within the peak at 1.50 δ. 
 
Figure 85.  D2O exchange experiment of 95 (300 MHz 
1
H NMR spectrum (CDCl3)). 
 
 In the 
13
C NMR spectrum (Figure 184) of 95, the methyl of the hexyl chain 
absorption appears at 14.08 ppm.  The aliphatic methylenes of the hexyl chain 
absorptions appear at 31.76 ppm (RCH2(CH2)4CH3), 31.87 ppm (RCH2CH2(CH2)3CH3), 
33.07 ppm (R(CH2)3CH2CH2CH3), 29.65 ppm (R(CH2)2CH2(CH2)2CH3) and 22.64 ppm 




and 60.06 ppm for the trans isomer and at 63.39 ppm and 60.10 ppm for the cis isomer 
corresponding to the aliphatic methylenes (CH2OH) for each. 
 The aromatic carbon ortho to C-F is observed as four doublet absorptions (two for 
each isomer) with two doublets at 114.78 ppm (J = 22.5 Hz) and 114.83 ppm (J = 22.5 
Hz) for the trans-isomer and two doublets at 115.18 ppm (J = 21.5 Hz) and 115.21 ppm 
(J = 21.7 Hz) for the cis-isomer.  The aromatic carbon para to C-F is observed as a triplet 
absorption at 123.73 ppm (J = 2.9 Hz) for the trans-isomer and a triplet at 123.16 ppm (J 
= 3.7 Hz) for the cis-isomer.  The aromatic carbon ortho to the aromatic quaternary 
carbon is observed as four doublet absorptions (two for each isomer) with two doublets at 
131.15 ppm (J = 3.0 Hz) and 131.31 ppm (J = 3.0 Hz) for the trans-isomer and two 
doublets at 132.31 ppm (J = 3.7 Hz) and 132.51 ppm (J = 3.7 Hz) for the cis-isomer.  The 
aromatic carbon meta to C-F is observed as a multiplet absorption between 129.05-
129.36 ppm for both diastereomers.  The aromatic CH of the central benzene ring is 
observed as two absorptions (one for each diastereomer) at 128.86 ppm for the trans 
isomer and at 132.21 ppm for the cis isomer.  The aromatic quaternary carbon ortho to C-
F is observed as four doublet absorptions (two for each isomer) with two doublets at 
126.44 ppm (J = 18.0 Hz) and 127.21 ppm (J = 17.2 Hz) for the trans-isomer and two 
doublets at 126.73 ppm (J = 16.5 Hz) and 125.96 ppm (J = 17.2 Hz) for the cis-isomer. 
 The aromatic C-F carbon is observed as four doublet absorptions (two for each 
isomer) with two doublets at 159.33 ppm (J = 241.7 Hz) and 159.45 ppm (J = 240.6 Hz) 
for the trans-isomer and two doublet at 159.69 ppm (J = 243.0 Hz) and 159.80 ppm (J = 
243.1 Hz) for the cis-isomer.  This C-F coupling is shown in Figure 86.  A summary of 
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13
C NMR isomer data is shown in Table 30.  The observed and predicted 
13
C NMR 
values for 95 are shown in Figure 87. 
 
Figure 86.  Expanded 75 MHz 
13
C NMR spectrum (CDCl3) of 95. 
 
Table 30.  Summary of 
13
C NMR isomer data of 95. 
Trans (ppm) Cis (ppm) 
 
14.08, 22.64, 29.65, 31.76, 31.87, 33.07, 
60.06, 63.35, 114.78, 114.83, 123.73, 
126.44, 126.75, 127.21, 127.91, 128.86, 
129.05-129.63, 131.15, 131.31, 136.47, 
139.31, 143.16, 159.33, 159.45 
 
60.10, 63.39, 115.18, 115.21, 123.16, 
125.96, 126.73, 127.80, 128.19, 129.05-
129.63, 132.21, 132.31, 132.51, 136.20, 
136.54, 143.30, 159.69, 159.80 
C-F coupling with 
two doublets for 
trans and two 







Figure 87.  Predicted and observed 
13
C NMR values of 95 Trans and cis-isomers 








H dec.) NMR spectrum (Figure 185), singlet absorptions appear at -
114.14 δ and -114.36 δ corresponding to the trans-isomer.  A doublet at -114.45 δ (J(F,F) 
= 12.8 Hz) and a doublet at -114.57 δ (J(F,F) = 12.2 Hz) correspond to the F-F through-
space coupling of the cis-isomer.  The calculated dFF is 316.1 pm with a J(F,F) = 10.7 
Hz.  The ratio of trans:cis is estimated to be 2:1 which is in agreement with the 2:1 ratio 
in the 
1




H dec.) NMR spectrum is shown in 
Figure 88. 
 




H dec.) NMR (CDCl3) of 95. 
The mass spectrum (Figure 186) of 95 via GC/MS showed a mass ion peak at 





found values is shown in Table 31.  A summary of physical and spectra data of 95 can be 
found in Table 32. 
Table 31.  Mass spectrum data of 95. 
Found (m/z) Calculated (m/z) 
410.00 (100%) 410.21 (100%) 
411.10 (58.1%) 411.21 (28.5%) 
N/A 412.21 (4.2%) 
 











H NMR (δ) 
(CDCl3) 
13
































0.93 (t, 3H, J =6.9 Hz, 
CH3), 1.36-1.50 (m, 
6H, 
R(CH2)2(CH2)3CH3), 
1.71-1.81 (m, 2H, 
RCH2CH2(CH2)3CH3), 
2.88-2.95 (m, 2H, 
RCH2(CH2)4CH3), 
4.38-4.53 (m, 4H, 
CH2OH), 6.88-7.13 
(m, 8H, Ar CH), 7.55 




14.08, 22.64, 29.65, 
31.76, 31.87, 33.07, 
60.06, 60.10, 63.35, 














159.45, 159.69, 159.80  
 
-114.14 (s),         
-114.36 (s),        
-114.45 (d, 
J(F,F) = 12.8 
Hz), -114.57 




  84        96 
 The reduction of diethyl 5-(2-(4-benzothiazolyl)phenyl)-2,3-di(2-
fluorophenyl)terephthalate 84 with LiAlH4 produced 5-(2-(4-benzothiazolyl)phenyl)-1,4-
 158 
di(hydroxymethyl)-2,3-di(2-fluorophenyl)benzene 96 in 80% yield.  Compound 96 was 




C NMR and 
19
F NMR.  With the 
asymmetry of compound 96, four isomers are present (see Figure 27).  Signals for all 
four isomers are visible in some spectra. 
 In the IR spectrum (Figure 187) of 96, the OH stretch absorbed as a broad 
absorption between 3600-3000 cm
-1
, an aromatic C-H stretch absorbs at 3059 cm
-1
 and 




Figure 89.  D2O exchange experiment of 96 (300 MHz 
1
H NMR spectrum (CDCl3)). 
 
 In the 
1
H NMR spectrum (Figure 188) of 96, a broad absorption at 1.73 δ 
corresponds to the OH protons (2H).  A multiplet absorption corresponding to the 




multiplet absorption observed for the cis and trans diastereomers may be caused by two 
factors 1) the two hydrogens of the CH2OH are  not equivalent and therefore split one 




F coupling.  Two sets of multiplet 
absorptions corresponding to the aromatic protons (17H) are observed between 6.78-7.22 
δ and 7.61-8.23 δ. 
 To confirm the absorption of the OH proton in the 
1
H NMR spectrum, a D2O 
exchange experiment was conducted.  In Figure 89, the small broad peak at 1.73 δ 
shrinks once D2O is added to the CDCl3 solution, exchanging a proton for a deuterium.  
Therefore, it may be assumed the OH absorption is within the peak at 1.73 δ. 
 In the C
13
 NMR spectrum (Figure 189) of 96, the key spectral feature that 
indicates that the ethyl ester functions of 84 were reduced to hydroxymethyls in 96 is the 
appearance of the two aliphatic methylene absorptions (CH2OH, 60.44 ppm and 62.94 
ppm) and the absence of the ethyl ester carbon absorptions (13 ppm and 61 ppm).  As 
seen in Figure 90, four doublet absorptions are observed (two for each isomer) with two 
doublets at 159.15 ppm (J = 242.2 Hz) and 159.38 ppm (J = 241.5 Hz) corresponding to 
the trans-isomer and two doublets at 159.65 ppm (J = 243.7 Hz) and 159.68 ppm (J = 
242.2 Hz) corresponding to the cis-isomer. 
 At this time, the 
13
C NMR spectrum of 96 is not clearly enough resolved to assign 
all splitting patterns.  It also appears that other conformations may exist due to the 
number of absorptions observed in the spectrum.  A tentative assignment of the 
corresponding peaks for the trans and cis diastereomers is shown in Figure 91 with 
predicted and observed 
13
C NMR values.  More study is required.  A summary of 
13
C 
NMR isomer values for 96 is listed in Table 33. 
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Figure 90.  Expanded 75 MHz 
13
C NMR spectrum (CDCl3) of 96. 
  
Table 33.  Summary of 
13
C NMR isomer data of 96. 
Trans (ppm) Cis (ppm) 
 
60.44, 62.94, 114.93, 114.97, 121.68, 
122.68, 123.82, 125.34, 126.84, 127.47, 
128.07, 129.16-130.11, 130.34-132.06, 
131.38, 134.95, 135.79-135.65, 137.42, 
137.83, 139.39, 142.39, 143.00, 143.60, 
148.79, 153.89, 159.15, 159.38, 167.95 
 
63.00, 115.27, 115.32, 123.16-123.30, 
130.95, 133.86-134.42, 137.37, 139.42, 
142.53, 142.87, 143.71, 159.65, 159.68 
 




H dec.) NMR spectrum (Figure 190) of 96, two singlet absorptions 
appear at -113.49 δ and -114.11 δ corresponding to the trans-isomer.  An extra absorption 
appears at -113.45 δ which may correspond to a configuration in which the fluorine is 
through-space hydrogen bonding to the hydrogen of the O-H, but it is unclear at this time.  
A D2O exchange may confirm this possible H-F through-space hydrogen bonding.  Four  
C-F coupling                            
Two doublets for trans         







Figure 91.  Predicted and observed 
13
C NMR values for 96 tans and cis-isomers where 




doublet absorptions are observed corresponding to the F-F through-space coupling for the 
cis-isomer at -113.91 δ (d, J(F,F) = 12.6 Hz), -113.98 δ (d, J(F,F) = 13.2 Hz), -114.58 δ 
(d, J(F,F) = 13.7 Hz) and -114.60 δ (d, J(F,F) = 12.9 Hz).  The calculated dFF is 317.1 pm 





H dec.) NMR spectrum is shown in Figure 92.  A summary of physical 
and spectral properties can be found in Table 34. 
 




H dec.) NMR spectrum (CDCl3) of 96. 
 
J(F,F) = 12.6 Hz 
J(F,F) = 13.2 Hz 
J(F,F) = 13.7 Hz 















H NMR (δ) 
(CDCl3) 
13






































7.22 (m, 9H, Ar 
CH), 7.61-8.23 
(m, 8H, Ar CH) 
 
60.44, 62.94, 63.00, 
114.93, 114.97, 115.27, 
115.32, 121.68, 122.68, 
123.16-123.30, 123.82, 





137.37, 137.42, 137.83, 
139.39, 139.42, 142.39, 
142.53, 142.87, 143.00, 
143.60, 143.71, 148.79, 
153.89, 159.15, 159.38, 
159.65, 159.68, 167.95 
 
-113.45 (s),            
-113.49 (s),            
-113.91 (d, J(F,F) 
=12.6 Hz),             
-113.98 (d, J(F,F) 
= 13.2 Hz)             
-114.11 (s),             
-114.58 (d, J(F,F) 
=13.7 Hz),            
-114.60 (d, J(F,F) 
= 12.9 Hz) 
 
1,4-Di(chloromethyl)-2,3-di(2-fluorophenyl)benzene and Derivatives.   
 The reaction of 1,4-di(hydroxymethyl)-2,3-di(2-fluorophenyl)benzene 94 with 
thionyl chloride produced 1,4-di(chloromethyl)-2,3-di(2-fluorophenyl)benzene 97 in 71% 







NMR and GC/MS. 
 
                    94              97 
 In the IR spectrum (Figure 191) of 97, the aromatic C-H stretch absorbs at 2920 
cm
-1
, the aliphatic C-H stretch absorbs at 2850 cm
-1






Figure 93.  Expanded 300 MHz 
1
H NMR spectrum (CDCl3) of 97. 
 In the 
1
H NMR spectrum (Figure 192) of 97, four doublet absorptions are 
observed (two for the trans isomer and two for the cis isomer) corresponding to the 
aliphatic methylene protons (4H) (CH2Cl).  The two doublet absorptions for the trans-
isomer are observed at 4.34 δ (J = 11.7 Hz) and 4.21 δ (J = 11.7 Hz).  The two doublet 
absorptions for the cis-isomer are observed at 4.23 δ (J = 11. 7 Hz) and 4.40 δ (J = 11.7 
Hz).  This splitting pattern observed for the cis and trans diastereomers may be caused by 
two factors 1) the two hydrogens of the CH2Cl are not equivalent and therefore splitting 




F coupling.  The aromatic protons 
(8H) of the fluorinated phenyl rings are observed as a mulitplet absorption between 6.76-
7.07 δ.  The aromatic protons (2H) of the central benzene ring are observed as two singlet 
2:1 (trans:cis) 




absorptions with one at 7.57 δ for the trans isomer and one at 7.58 δ for the cis isomer  
The ratio of the two diastereomers is 3:2 (trans:cis).  The expanded 
1
H NMR spectrum is 
shown in Figure 93. 
 In the 
13
C NMR spectrum (Figure 193) of 97, two absorptions are observed for 
the aliphatic methylenes (CH2Cl) at 44.05 ppm for the trans isomer and 44.19 ppm for 
the cis isomer.  A doublet absorption is observed for the aromatic carbon ortho to C-F at 
114.91 ppm (J = 21.7 Hz) corresponding to the trans-isomer.  A six line pattern is 
observed for the aromatic carbon ortho to C-F (115.06, 115.14, 115.23, 115.35, 115.44 
and 115.53 ppm) corresponding to the cis-isomer as referred to earlier in the Historical.
13
  
The aromatic carbon para to C-F is observed as a doublet absorption at 123.66 ppm (J = 
3.7 Hz) for the trans-isomer.  For the cis-isomer, a triplet absorption is observed at 
123.29 ppm (J = 1.8 Hz).  The aromatic quaternary carbon ortho to C-F is observed as a 
doublet absorption at 125.33 ppm (J = 17.2 Hz) for the trans-isomer.  For the cis-isomer, 
a six line pattern is observed (124.81, 124.86, 124.93, 125.02, 125.09 and 125.14 ppm) as 
referred to earlier in the Historical.
13
  The aromatic carbon meta to C-F is observed as a 
doublet absorption at 129.88 ppm (J = 7.5 Hz) for the trans-isomer.  For the cis-isomer, a 
triplet absorption is observed at 129.70 ppm (J = 3.7 Hz).  The aromatic CH of the central 
benzene ring is observed as two absorptions at 129.97 ppm for the trans isomer and 
130.07 ppm for the cis isomer.  The aromatic carbon ortho to the quaternary carbon is 
observed as an absorption at 132.33 ppm for the trans-isomer.  For the cis-isomer, a 
triplet absorption is observed at 131.25 ppm (J = 1.5 Hz).  The aromatic C-F is observed 
as two doublet absorptions at 157.08 ppm (J = 243.7 Hz) for the trans isomer and 159.51 
ppm (J = 245.2 Hz) for the cis isomer.  The expanded 
13
C NMR spectrum is shown in 
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Figure 94.  The predicted and observed 
13
C NMR values for 97 are presented in Figure 
95. 
 
Figure 94.  Expanded 75 MHz 
13
C NMR spectrum (CDCl3) of 97. 
 
Figure 95.  Predicted and observed 
13
C NMR values of 








H dec.) NMR spectrum (Figure 194) of 97, a peak is observed at -
112.57 δ for the trans-isomer and a peak at -113.47 δ with a ratio of 3:2 respectively.  
This ratio is in agreement with the ratio observed in the 
1





H dec.) NMR is shown in Figure 96. 
 




H dec.) NMR spectrum (CDCl3) of 97. 
The mass spectrum (Figure 195) of 97 via GC/MS showed a mass ion peak at 
361.90 m/z compared to the calculated value of 362 m/z.  The m+2 and m+4 peaks 
associated with the presence of two chlorine isotopes appear at 363.90 m/z and 365.90 
m/z, respectively.  A summary of calculated and found values is shown in Table 35.  A 




Table 35.  Mass spectrum data of 97. 
Found (m/z) Calculated (m/z) 
361.90 (100%) 362 (100%) 
362.90 (23.7%) 363 (21.8%) 
363.90 (65.2%) 364 (67.0%) 
364.90 (13.3%) 365 (14.3%) 
365.90 (11.5%) 366 (11.9%) 
366.90 (3.1%) 367 (2.4%) 
368.00 (0.2%) 368 (0.2%) 
 











H NMR (δ) 
(CDCl3) 
13



































4H, J = 11.7 Hz, 
CH2Cl), 6.76-7.07 
(m, 8H, Ar CH), 
7.57 and 7.58 (s,s, 
2H, Ar CH) 
 
44.05, 44.19, 114.91, 
115.06-115.53, 123.29, 
123.66, 124.81-125.14, 
125.33, 129.70, 129.88, 
129.97, 130.07, 131.25, 
132.33, 136.15, 136.29, 
136.68, 136.81, 157.08, 
159.51 
 
-112.57 (s),         
-113.47 (s) 
 
Table 37.  Summary of Crystal Data for compound 97. 
Formula C20H14F2Cl2 
Lattice, Space Group Triclinic, P-1 
Unit Cell Demensions a = 9.1613 Å, b = 9.3334, Å, c = 10.3104 Å 
Unit Cell Angles α = 100.4547⁰, β = 101.8280⁰, γ = 99.4753⁰ 
Formula Units Per Cell (Z) Z = 2 
Morphology, Color Block, coulourless 
Radiation Mo Kα radiation, λ = 0.71073 Å 
Crystal Size 0.37 x 0.34 x 0.22 mm 
 
Crystal structure data of 97 are summarized in Table 37 where the data show that 
the unit cell lattice is triclinic with a P-1 space group and a block morphology.  The unit 
cell dimensions are a = 9.1613 Å, b = 9.3334 Å, c = 10.3104 Å, α = 100.45⁰, β = 101.82⁰, 
and γ = 99.47⁰.  The number of formula units per cell is 2.  The crystal structure of 97 is 
shown in Figure 97 where disorder is observed on the two phenyl rings at (C36), (C32), 
(C22) and (C26) due to the presence of cis and trans isomers. 
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Figure 97.  Crystal structure of 97. 
The reaction of 5-hexyl-1,4-di(hydroxymethyl)-2,3-di(2-fluorphenyl)benzene 95 
with thionyl chloride produced 5-hexyl-1,4-di(chloromethyl)-2,3-di(2-







F NMR and GC/MS.  Because of the asymmetry created by the hexyl 
substituent, four isomers (see Figure 27) are generated for the diastereomers (trans/cis).  
In some spectra, signals corresponding to all four isomers are visible. 




             95               98 
 In the IR spectrum (Figure 196) of 98, the aromatic C-H stretch absorbs at 2926 
cm
-1
, the aliphatic C-H stretch absorbs at 2856 cm
-1




 In the 
1
H NMR spectrum (Figure 197) of 98, a triplet absorption appears at 0.96 δ 
(J = 6.9 Hz) corresponding to the methyl protons (3H) of the hexyl chain.  The aliphatic 
methylene protons (2H) of the hexyl chain adjacent to the central benzene ring 
(RCH2(CH2)4CH3) appear as a multiplet absorption between 2.86-2.92 δ.  The next 
aliphatic methylene protons (2H) of the hexyl chain (RCH2CH2(CH2)3CH3) appear as a 
multiplet absorption between 1.75-1.82 δ.  The remaining aliphatic methylene protons 
(6H) of the hexyl chain (R(CH2)2(CH2)3CH3) appear as a multiplet absorption between 
1.39-1.55 δ.  The aliphatic methylene protons (4H) (CH2Cl) appear as seven doublet 
absorptions between 4.38-4.53 δ with J values ranging from 10.8-11.7 Hz.  The doublets 
observed for the cis and trans diastereomers may be caused by two factors 1) the two 
hydrogens of the CH2OH are not equivalent and therefore split one another, 2) the 




F coupling.  A multiplet absorption is observed between 
6.83-7.24 δ corresponding to the aromatic protons (8H) of the fluorinated phenyl rings.  
Two singlet absorptions are observed at 7.53 δ and 7.55 δ with a ratio of 2:1 (trans:cis) 
corresponding to the aromatic proton (1H) of the central benzene ring.  The expanded 
1
H 
NMR spectrum is shown in Figure 98. 
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Figure 98.  Expanded 300 MHz 
1
H NMR spectrum (CDCl3) of 98. 
 In the 
13
C NMR spectrum (Figure 198) of 98, the methyl of the hexyl chain 
appears as an absorption at 14.07 ppm.  The aliphatic methylenes of the hexyl chain 
appear as absorptions at 31.09 ppm (RCH2(CH2)4CH3), 31.71 ppm (RCH2CH2(CH2)3C-
H3), 32.71 ppm (R(CH2)3CH2CH2CH3), 29.57 ppm (R(CH2)2CH2(CH2)2CH3) and 22.63 
ppm (R(CH2)4CH2CH3).  An absorption at 31.07 ppm (RCH2(CH2)4CH3) is observed for 
the cis-isomer.  Four absorptions (two for each isomer) are observed at 41.13 ppm and 
44.20 ppm for trans and at 41.35 ppm and 44.32 ppm for cis corresponding to the 
aliphatic methylenes (CH2Cl). 
 The aromatic carbon ortho to C-F is observed as three doublet absorptions with 










isomer and one doublet at 114.84 ppm (J = 22.5 Hz) for the cis-isomer.  The aromatic 
carbon para to C-F is observed as four doublet absorptions (two for each isomer) with 
two doublets at 123.49 ppm (J = 4.5 Hz) and 123.54 ppm (J = 3.7 Hz) for the trans-
isomer and two doublets at 123.21 ppm (J =3.7 Hz) and 123.14 ppm (J = 3.7 Hz) for the 
cis-isomer.  The aromatic carbon ortho to the aromatic quaternary carbon is observed as 
two doublet absorptions at 132.57  ppm (J = 2.2 Hz) and 132.54 ppm (J = 2.2 Hz) for the 
trans-isomer and a multiplet absorption between 131.36-131.49 ppm for the cis-isomer.  
The aromatic carbon meta to C-F is observed as three doublet absorptions with one 
doublet at 129.70 ppm (J =8.2 Hz) for the trans-isomer and two doublets at 129.45 ppm 
(J = 8.2 Hz) and 129.54 ppm (J = 7.5 Hz) for cis-isomer.  The aromatic CH of the central 
benzene ring is observed as two absorptions (one for each diastereomer) at 130.76 ppm 
for the trans isomer and at 130.78 ppm for the cis isomer.  The aromatic quaternary 
carbon ortho to C-F is observed as four doublet absorptions (two for each pair of isomers) 
with two doublets at 125.59 ppm (J = 17.2 Hz) and 126.15 ppm (J = 17.2 Hz) for the 
trans-isomer and two doublets at 125.20 ppm (J = 17.5 Hz) and 125.83 ppm (J = 18.0 Hz) 
for the cis-isomer. 
 The aromatic C-F carbon is observed as four doublet absorptions (two for each 
isomer) with two doublets at 159.10 ppm (J = 243.3 Hz) and 159.04 ppm (J = 243.1 Hz) 
for the trans-isomer and two doublet at 159.42 ppm (J = 244.1 Hz) and 159.63 ppm (J = 
243.7 Hz) for the cis-isomer.  The expanded 
13
C NMR spectrum is shown in Figure 99.  
Summary of 
13
C NMR isomer values of 98 is shown in Table 38.  Predicted and 
observed 
13




Figure 99.  Expanded 75 MHz 
13
C NMR spectrum (CDCl3) of 98. 
Table 38.  Summary of 
13
C NMR isomer data of 98. 
Trans (ppm) Cis (ppm) 
 
14.07, 22.63, 29.57, 31.09, 31.71, 32.71, 
41.13, 44.20, 114.77, 115.17, 123.49, 
123.54, 125.59, 126.15, 129.70, 130.76, 
132.54, 132.57, 133.88, 134.36, 136.53, 
137.53, 143.16, 159.04, 159.10 
 
31.07, 41.35, 44.32, 114.84, 123.14, 
123.21, 125.20, 125.83, 129.45, 129.54, 
130.78, 131.36-131.49, 133.76, 134.48, 
136.71, 143.24, 159.42, 159.63 




H dec.) NMR spectrum (Figure 199) of 98, two absorptions 
corresponding to the trans-isomer is observed at -112.97 δ and -113.28 δ.  Two doublet 
absorptions are observed at -113.94 δ (J(F,F) = 14.7 Hz) and -114.50 δ (J(F,F) = 14.1 Hz) 
for the cis-isomer.  The calculated dFF is 303.8 pm with a corresponding JF,F = 15.9 Hz.  
The ratio of trans:cis is estimated to be 2:1 which is in agreement with the 
1
H NMR 












Figure 100.  Predicted and observed 
13
C NMR values of 98 trans and cis-isomers 









H dec.) NMR spectrum (CDCl3) of 98. 
The mass spectrum (Figure 200) of 98 via GC/MS showed a mass ion peak at 
446 m/z compared to the calculated value of 446 m/z.  The m+2 and m+4 peaks that 
correspond to the presence of two chlorine isotopes appear at 448 m/z and 450 m/z.  A 
summary of calculated and found values is shown in Table 39.  The physical and spectral 
properties of 98 can be found in Table 40. 
 
Table 39.  Mass spectrum data of 98. 
Found (m/z) Calculated (m/z) 
446.00 (100%) 446 (100%) 
447.00 (27.7%) 447 (28.5%) 
448.00 (68.6%) 448 (68.7%) 
449.10 (17.5%) 449 (18.8%) 
450.00 (11.8%) 450 (13.0%) 
451.10 (3.2%) 451 (3.2%) 
452.00 (0.2%) 452 (0.4%) 
2:1 (trans:cis) 
J(F,F) = 14.7 Hz 
J(F,F) = 14.1 Hz 
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H NMR (δ) 
(CDCl3) 
13

































0.96 (t, 3H, J =6.9 Hz, 
CH3), 1.39-1.55 (m, 
6H, 
R(CH2)2(CH2)3CH3), 
1.75-1.82 (m, 2H, 
RCH2CH2(CH2)3CH3), 
2.86-2.92 (m, 2H, 
RCH2(CH2)4CH3), 
4.38-4.53 (m, 4H, 
CH2Cl), 6.83-7.24 (m, 
8H, Ar CH), 7.53 and 
7.55 (s,s, 1H, Ar CH) 
 
14.07, 22.63, 29.57, 
31.07, 31.09, 31.71, 
32.71, 41.13, 41.35, 



















-112.97 (s),      
-113.28 (s),      
-113.94 (d, 
J(F,F) = 14.7 
Hz), -114.50 
(d, J(F,F) = 
14.1 Hz) 
 The reaction of 5-(2-(4-benzothiazolyl)phenyl)-1,4-di(hydroxymethyl)-2,3-di(2-
fluorophenyl)benzene 96 with thionyl chloride produced a mixture of 5-(2-(4-
benzothiazolyl)phenyl)-1,4-di(chloromethyl)-2,3-di(2-fluorophenyl)benzene 99 and 5-(2-
(4-benzothiazolyl)phenyl)-4-chloromethyl-2,3-di(2-fluorophenyl)benzaldehyde 100 with 









     96                  99                  100 
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 More study is need to confirm the position of the aldehyde but it may be assumed 
that the steric hindrance of the 2-(4-benzothiazolyl)phenyl substituent would allow the 
aldehyde to form at the 4-positon of the central benzene ring.  Separation of the two 
compounds by chromatography and/or by LC/MS, for example, would help to confirm 
the structures. 
 In the IR spectrum (Figure 201) of 99, the aromatic C-H stretch absorbs at 3061 
cm
-1
 and the aliphatic C-H stretch absorbs at 2962 cm
-1
.  The aldehyde carbonyl absorbs 
at 1703 cm
-1
 corresponding to 100. 
  
Figure 102.  Expanded 300 MHz 
1
H NMR spectrum (CDCl3) of 99. 
 In the 
1
H NMR spectrum (Figure 202) of 99, a multiplet absorption is observed 
between 4.17-4.69 δ corresponding to the aliphatic methylene protons (4H) (CH2Cl).  
 178 
The multiplet observed for the cis and trans diastereomers may be caused by two factors 
1) the two hydrogens of the CH2OH are not equivalent and therefore split one another, 2) 




F coupling.  The aromatic protons (8H) of the two 
fluorinated phenyl rings appear as a multiplet absorption between 6.88-7.24 δ.  Four sets 
of multiplet absorptions are observed corresponding to the aromatic protons (8H) of the 
2-(4-benzothiazolyl)phenyl substituent and the aromatic proton (1H) of the central 
benzene ring.  The aldehyde proton (1H) absorption corresponding to 100 is observed at 
10.13 δ.  The expanded 
1
H NMR is shown in Figure 102. 
 
Figure 103.  Expanded 75 MHz 
13
C NMR spectrum (CDCl3) of 99. 
C-F coupling with two 
doublets for trans and 
two doublets for cis 
Aldehyde carbonyl 
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 In the 
13
C NMR spectrum (Figure 203) of 99, four doublet absorptions (two for 
each isomer) corresponding to the aromatic C-F are observed with two doublets at 159.01 
ppm (J = 243.7 Hz) and 159.07 ppm (J = 243.0 Hz) for the trans isomer and two doublets 
at 159.38 ppm (J = 246.0 Hz) and 159.53 ppm (J = 243.7 Hz) for the cis isomer  The 
aldehyde carbonyl absorption for 100 is observed at 191.78 ppm.  The expanded C-F 
region is shown in Figure 103.   
 
Figure 104.  Expanded aliphatic region 75 MHz 
13




 The expanded aliphatic region of the 
13
C NMR is shown in Figure 104.  Four 
absorptions (two for each isomer) corresponding to the aliphatic methylenes (CH2Cl) of 
99 are observed with two absorptions at 41.98 ppm and 43.89 ppm for the trans isomer 
and two absorptions at 42.13 ppm and 44.01 ppm for the cis isomer  Two absorptions 
corresponding to the aliphatic methylenes (CH2Cl) of 100 are observed with an 
absorption at 41.80 ppm for the trans isomer and a peak at 43.80 ppm for the cis isomer.  
At this time, exact assignments of 
13
C NMR values for 99 and 100 can only be assigned 
tentatively.  Isolation of the two compounds is needed to assign exact values.  Predicted 
and observed 
13
C NMR values for 99 are tentatively assigned in Figure 106. Predicted 
and observed 
13




Figure 105.  Predicted and observed 
13






Figure 106.  Predicted and observed 
13
C NMR values of 99 trans and cis diastereomers. 
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H dec.) NMR spectrum (Figure 204) a six line pattern is observed for 
the trans-isomers of 99 and 100 at -112.72 δ, -112.77 δ, -112.83 δ, -113.21 δ, -113.24 δ 
and -113.29 δ.  A six line pattern is observed for the cis-isomers of 99 and 100 at -113.94 
δ, -113.97 δ, -114.01 δ, -114.32 δ, -114.36 δ and -114.40 δ.  The exact assignments for 




H dec.) NMR spectrum is 
shown in Figure 107.  The physical and spectral properties for 99 and 100 are 
summarized in Table 41. 
  




H dec.) NMR spectrum (CDCl3) of 99. 
 183 
Table 41.  Characterization of compounds 99 and 100. 











































4.17-4.69 (m, 4H, 
CH2Cl), 6.88-7.10 
(m, 8H, Ar CH), 
7.42-7.65 (m, 3H, 
Ar CH), 7.75-7.81 
(m, 2H, Ar CH), 
7.93-8.05 (m, 2H, 
Ar CH), 8.15-8.28 
(m, 2H, Ar CH) 
 




125.65, 125.53, 127.29, 
127.57, 129.72-129.98, 
130.10, 131.11-131.48, 
132.39, 132.77, 136.83, 
136.91, 137.01, 137.08, 
138.26, 142.31, 142.35, 
142.63, 142.87, 143.60, 
152.70, 159.01, 159.07, 
159.38, 159.53  
 
-112.72,    
-112.77,     
-112.83,    
-113.21,    
-113.24,     
-113.29,     
-113.94,    
-113.97,     
-114.01,    
-114.32,    

















10.13 (s, 1H, 
RCH=O) 
 
41.80, 43.80, 121.32, 
123.16, 124.69, 125.65, 
126.62, 127.68, 132.35, 
134.05, 134.36, 141.58, 
142.35, 142.67, 142.74, 
146.01, 153.58, 167.68, 
191.78 
 
Preparation of BFP-PPV, BFP6-PPV and BFP6:BFP-PPV. 
The polymerization of 97 and 98 employing a modified Gilch procedure using t-
BuOK with 4-tert-butylbenzyl chloride 47 as a capping agent yields poly(2,3-bis(2-
fluorophenyl)-p-phenylene vinylene) (BFP-PPV) and poly(2,3-bis(2-fluorophenyl)-5-
hexyl-p-phenylene vinylene (BFP6-PPV) as shown in Scheme 3.   
Control of molecular weight was attempted using 4-tert-butylbenzyl chloride 47.  
Table 42 shows the molar ratio of 47:monomer, yields and estimated molecular weights 
for BFP6-PPV and BFP-PPV polymers. 
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        97-98                  47    BFP-PPV, R=H 
        BFP6-PPV, R=C6H13 
 
Scheme 3.  Polymerization of BFP-PPV and BFP6-PPV scheme. 
At this moment in time, the molecular weights of BFP6-PPV are estimated to be 
above 300,000 Da.  The GPC spectrum in Figure 108 indicates that the molar ratio of 
0.52 and 1.00 endcap had no effect on limiting the molecular weight with only a slight 
shift when the endcap was used in excess (1.59 eq). The ineffectiveness of 47 to reduce 
the molecular weight in this case may be related to the restricted rotation of the phenyl 
rings in 98 and the steric effects generated.  In addition, it has been previously suggested 
that 47 may form 4,4‟-di-tert-butylstilbene as a side product, especially when used in 
excess.
19
  The molecular weights of BFP-PPV could not be measured due to insolubility.  
During polymerization, BFP-PPV appeared to form a gel/precipitate despite the use of 
47, which is an indication of the ineffectiveness of 47 to limit the molecular weights of 
the current polymers BFP6-PPV and BFP-PPV. 
Table 42.  Polymerization parameters and molecular 















98 43/0.2//10 3.0 0.52 49 >300 
98 82/0.2//10 3.0 1.00 43 >300 
98 131/0.2//10 3.0 1.59 39 >300 
97 52/0.2//10 3.0 0.52 39 n/a 
97 101/0.2//10 3.0 1.00 41 n/a 
97 130/0.2//10 3.0 1.28 69 n/a 
aRelative to polystyrene in DMF.  b1.0 M THF 
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Figure 108.  GPC spectra of the various endcapping ratios of BFP6-PPV and 
the copolymers BFP6:PPV-80:20 and BFP6:BFP-60:40. 
 
 
Figure 109.  75 MHz DEPT 135 spectrum (CDCl3) of BFP6-PPV (1.59 molar ratio). 
 186 
In Figure 109, the DEPT 135 spectrum of BFP6-PPV does not show any clear 
indication that the methyl (~31 ppm) of the t-butyl group of 47 is present in BFP6-PPV 
when using excess 47 but shows the methyl group of the hexyl chain (14 ppm).  The 
amount of endcap 47 in the polymer may be small enough that the signal may be hidden 
in the baseline. 
 
            98                     97    BFP6:BFP-80:20 
BFP6:BFP-60:40 
 
Scheme 4.  Copolymerization of 98 and 97 scheme. 
 
Table 43.  Copolymerization parameters and molecular weights 
of BFP6:BFP-80:20 and BFP6:BFP-60:40 
Copolymer 








BFP6:BFP-80:20 80/20 3.0 85 >300 
BFP6:BFP-60:40 60/40 3.0 53 >300 
aRelative to polystyrene in DMF.  b1.0 M THF 
 
Scheme 4 outlines the copolymerization scheme of 98 and 97.  Table 43 shows 
the parameters and estimated molecular weights of BFP6:BFP-80:20 and BFP6:BFP-
60:40.  The copolymerization involved feed ratios of 80:20 (98:97) and 60:40 (98:97) 
with percent yields of 85% and 53% respectively.  During polymerization, no gelation or 
precipitation was observed despite not using any endcapping agent.  The 
copolymerization with a feed ratio of 80:20 for polymer BFP6:BFP-80:20 showed about 
the same effect with limiting molecular weight as the capping agent did in excess for 
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BFP6-PPV when comparing the polymers in the GPC spectrum in Figure 108.  The 
copolymerization with a feed ratio of 60:40 for polymer BFP6:BFP-60:40 had two peaks 
appear in the GPC spectrum in Figure 108 which may suggest that the copolymerization 
did not occur.  Films could not be cast for BFP6:BFP-60:40 which would be another 
indication that the copolymerization did not take place. 
 
Figure 110.  TGA curves showing 5% wt. loss temperatures. 
The TGA curves in Figure 110 indicates the stability of BFP6:BFP-60:40, DP-
PPV, BFP-PPV, BFP6:BFP-80:20, BFP6-PPV and DP6-PPV with 5% wt. loss 
temperatures of  320⁰, 354⁰, 363⁰, 368⁰, 400⁰ and 404⁰, respectively.  BFP-PPV 
decomposes slower over the temperature range of 40⁰-800⁰ as compared to BFP6-PPV 
and DP6-PPV probably due to the substituted hexyl chain pendant on BFP6-PPV and 
DP6-PPV.  Decomposition of DP6-PPV occurs more quickly compared to BFP6-PPV 
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as temperature increases, which may be due to the addition of the ortho-fluorines on the 
two phenyl rings.  The copolymer BFP6:BFP-80:20 has a higher 5% wt. loss 
temperature than BFP6:BFP-60:40 when the feed ratio of 98:97 increases adding more 
monomer that contains the hexyl pendant group. 
 
Figure 111.  DSC curves showing Tg temperatures. 
The DSC curves in Figure 111 display glass transition temperatures (Tg) for DP-
PPV, BFP6-PPV, BFP6:BFP-80:20, DP6-PPV, BFP6:BFP-60:40 and BFP-PPV of 
68⁰, 116⁰, 144⁰, 149⁰, 152⁰ and 252⁰, respectively.  The addition of the hexyl chain 
decreases the Tg for DP6-PPV, which is further decreased with the addition of ortho-
fluorophenyls on BFP6-PPV probably due to restricted rotation.  The Tg decreases with 
the addition of more monomer that contains the hexyl pendant for the copolymers which 
would be expected.  Only one Tg was observed for BFP6:BFP-60:40 instead of two that 
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may have been observed since the GPC spectrum (Figure 108) suggested that 
copolymerization did not occur.  A summary of thermal properties can be found in Table 
44. 
Table 44.  Thermal properties of DP-PPV, DP6-PPV, 
BFP-PPV, BFP6-PPV, BFP6:BFP-80:20, BFP6:BFP-
60:40. 
Polymer 5% wt. loss (⁰C) Tg (⁰C) 
BFP6:BFP-60:40 320.20 152 
DP-PPV 353.80 68 
BFP-PPV 362.75 252 
BFP6:BFP-80:20 367.52 144 
BFP6-PPV 400.45 116 
DP6-PPV 404.25 149 
 
  
Figure 112.  UV-vis spectrum of BFP6-PPV and DP6-PPV as free standing films. 
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The UV-vis spectra in Figure 112 shows the absorption of BFP6-PPV and DP6-
PPV as free standing films (10% solutions in CHCl3).  The addition of the fluorines in 
the diphenyls caused a small blue shift (22 nm) from the DP6-PPV to BFP6-PPV. 
Conductivity measurements were carried out for BFP6-PPV by creating a device 
as outlined in Figure 113.  Aluminum coated glass with a separation center gap was used 
where the polymer BFP6-PPV was spin coated (1000 rpm) from a 1% chloroform 
solution to bridge the gap between the two aluminum layers.  Voltage (-20 V to 20 V) 
was applied across the polymer and current was measured at room temperature and above 








Figure 113.  Device fabrication outline. 
 
 
 The plot of current vs. voltage is shown in Figure 114 for the polymer BFP6-
PPV at room temperature, annealing at 100⁰C and annealing at 130⁰C.  The results show 
that BFP6-PPV had little to no conductivity at room temperature.  This observation is 
known for PPVs in general which have very low conductivity which can only be 
increased if doped with iodine, ferric chloride, alkali metals, or acids.
33
  At 100⁰C, the 
polymer was able to conduct with a conductance of 3.00 x 10
-10 
mS and a resistance of 
3.33 x 10
9
 Ω, which was determined by Ohm‟s law equation: I =(V/R), where I is current 





conduct with a conductance of 2.00 x 10
-9 
mS and a resistance of 5.00 x 10
8
 Ω.  The 
results indicate that the polymer BFP6-PPV may be useful as a heat sensor since the 
conductivity increases as temperature increases. A more complete conductivity vs 
temperature study is needed.   
 
Figure 114.  Current vs. voltage plot of BFP6-PPV. 
 












BFP6-PPV 78.70 6.50 83.39 6.46 4.7 0.0 
BFP-PPV-0.52 78.38 4.55 82.75 4.17 4.4 0.4 
BFP-PPV-1.00 78.54 4.74 82.75 4.17 4.2 0.6 
BFP6-PPV-1.00 79.84 6.34 83.39 6.46 3.6 0.1 
BFP6-PPV-0.52 80.47 6.39 83.39 6.46 2.9 0.1 
BFP6-PPV-1.59  81.37 6.47 83.39 6.46 2.0 0.0 
BFP6:BFP-80:20 78.02 6.20 83.11 5.46 5.1 0.7 
BFP6:BFP-60:40 77.96 6.16 83.11 5.46 5.2 0.7 
BFP-PPV-1.28  76.96 4.72 82.75 4.17 5.8 0.6 
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A summary of combustion analysis for all polymers is shown in Table 45.  The 
carbon content was found to be lower than calculated for all polymers with a percent 
difference ranging from 2.0-5.8%.  The lower carbon conent may be contributed to 
unconverted chlorine.   
Conclusions. 
The compound 2,5-di(ethoxycarbonyl)-3,4-di(2-fluorophenyl)cyclopentadienone 
74 was successfully synthesized and led to the synthesis of terephthalates, 
di(hydroxymethyl)s, di(chloromethyl)s, diacids, diacid chlorides and indenofluorene-
diones having the pendent groups null, hexyl and 2(4-benzothiazolyl)-phenyl.  All new 







GC/MS and combustion analysis.  Most of the forementioned compounds showed an  
Table 46.  Summary of isomer ratios observed 
in 
19
















2F-Orange 74 n/a n/a 0.0 25:1 
2F-Tere 76 n/a n/a 0.0 2:1 
2F-Diacid 85 n/a n/a 0.0 4:1 
2F-Diacid chloride 88 n/a n/a 0.0 2:1 
2F-Diol 94 n/a n/a 0.0 2:1 
2F-dichloromethyl 97 n/a n/a 0.0 3:1 
2F-Tere-hex 77 305.6 15.1 11.5 3:1 
2F-Diacid-hex 86 333.4 6.16 10.5 3:1 
2F-Acid chloride-hex 89 328.8 8.39 10.3-10.5 3:1 
2F-Diketone-hex 92 236.6 138.0 67.6-78.2 none 
2F-Diol-hex 95 316.1 10.7 12.3-12.8 2:1 
2F-Chloromethyl-hex 98 303.8 15.9 14.1-14.7 2:1 
2F-Tere-benzo 84 316.1 10.74 11.4-11.5 3:1 
2F-Diacid-benzo 87 328.6 7.19 10.16-10.46 2:1 
2F-Diacd chloride-benzo 90 318.8 9.85 10.42-11.03 2:1 
2F-Diol-benzo 96 317.1 10.41 12.6-13.7 2:1 
 
indication of restricted rotation with the appearance of trans and cis diasteromers.  The 
asymmetric compounds showed the occurrence of four isomers (two pairs of isomers).  In 
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F coupling for the cis-
isomers and the ratio of trans:cis is shown in Table 46. 
 Polymerization of 98 and 97 has been shown to yield BFP6-PPV and BFP-PPV, 
respectively.  Copolymers BFP6:BFP-80:20 and BFP6:BFP-60:40 were also prepared.  
The polymers were characterized by TGA, DSC and GPC.  From GPC, the addition of 4-
tert-butylbenzyl chloride 47 in the polymerization of BFP6-PPV appears to be 
ineffective in varying the molecular weights even with an increase in the molar amount of 
47 used.  Exact molecular weights still need to be determined.  From GPC, there is an 
indication that the copolymer BFP6:BFP-60:40 may not have been formed, but instead 
two homopolymers may have been formed.  Future studies are needed to observe the 
photoluminescence properties of the polymers synthesized. 
 More study of the synthetic pathway towards the monomer of 5-(2-(4-
benzothiazolyl)phenyl)-1,4-di(chloromethyl)-2,3-di(2-fluorophenyl)benzene 99 is needed 











Figure 116.  300 MHz 
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Figure 117. 75 MHz 
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Figure 120.  300 MHz 
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Figure 121.  75 MHz 
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Figure 124.  300 MHz 
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Figure 125.  750 MHz 
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Figure 129.  300 MHz 
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Figure 130.  75 MHz 
13
C NMR spectrum (CDCl3) of 77. 
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Figure 134.  300 MHz 
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Figure 135.  75 MHz 
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Figuer 138.  300 MHz 
1




Figure 139.  75 MHz 
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Figuer 142.  300 MHz 
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Figure 143.  75 MHz 
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Figuer 146.  300 MHz 
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Figure 147.  75 MHz 
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Figuer 150.  300 MHz 
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Figure 151.  75 MHz 
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Figure 154.  300 MHz 
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Figure 155.  75 MHz 
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Figure 158.  300 MHz 
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Figure 159.  75 MHz 
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Figure 161.  IR spectrum (NaCl) of 91 from 85. 
 
 




Figure 163.  300 MHz 
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Figure 164.  300 MHz 
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Figure 165.  75 MHz 
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Figure 166.  75 MHz 
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Figure 169.  300 MHz 
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Figure 170.  300 MHz 
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Figure 171.  75 MHz 
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Figure 172.  75 MHz 
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Figure 175.  300 MHz 
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Figure 176.  75 MHz 
13








Figure 178.  300 MHz 
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Figure 179.  75 MHz 
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Figure 183.  300 MHz 
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Figure 184.  75 MHz 
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Figure 188.  300 MHz 
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Figure 189.  75 MHz 
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Figure 192.  300 MHz 
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Figure 193.  75 MHz 
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Figure 197.  300 MHz 
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Figure 198.  75 MHz 
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Figure 202.  300 MHz 
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Figure 203.  75 MHz 
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